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Chapter 1. Introduction
This dissertation describes the epiphyte communities on tall shrubs in forests of
western Oregon. The focus of the research presented here is the potential effects of
forest management practices on these communities. My main intent is to provide
insight into practices that might help protect or enhance shrub epiphyte communities
in young managed stands, and thus promote overall epiphyte diversity and abundance.
Until recently, forest managers in the Pacific Northwest considered shrubs and
other hardwoods primarily as competition for the preferred softwood crop. Because of
this, herbicides have routinely been used to inhibit the growth of hardwoods in
managed stands (Norse 1990). Suppression of shrubs and other hardwoods
contributes to the low structural diversity typical of many managed stands. Forest
management may also have affected the distribution and amount of hardwood cover
on the landscape. For example, in the Coast Range of Oregon, the total area covered
by hardwood patches decreased between 1939 and 1993, with patches located closer to
streams and in lower slope positions in 1993 (Hess 1999). These habitat alterations
have, in turn, most certainly affected the distributions and abundances of organisms
that utilize shrubs and other hardwoods as substrates, habitat or food.
Shrubs and other hardwoods are now gaining recognition as "hotspots" of diversity
for epiphytes as well as birds and invertebrates (Hagar et al. 1996; Hammond & Miller2
1998; Neitlich & McCune 1997). In young stands of western Oregon, overstorygaps
associated with hardwoods can contain more old-growth-associated lichens as wellas
a greater total number of lichen species than conifer-dominated areas in the same
stands (Neitlich & McCune 1997). Because of this, shrubs and other hardwoods have
been hypothesized as the initial colonization point in young stands for some old-
growth-associated lichens. Shrubs also are one of the main substrates sought by
"moss" harvesters in the Pacific Northwest due to their frequent lush cover of
bryophytes (Peck 1997).
Current concerns about the effects of forest management practices on species
diversity and abundance have led to recommendations calling for the maintenance of
shrubs and other hardwoods in managed forests of the region (Neitlich & McCune
1997; Rosentreter 1995). One of the goals of protecting hardwoods is to promote
establishment of old-growth-associated epiphytes in managed stands. Additional
silvicultural treatments, such as overstory thinning, are also being used in attempts to
promote development of old-growth communities by accelerating development of
multistory canopies and other old-growth structural characteristics (Hayes et al.
1997). However, little is known about how shrub epiphyte communities differ among
stand types or how they respond to silvicultural treatments.
The second chapter of this dissertation presents results of a study of the potential
effects of overstory thinning on the shrub epiphyte communities. We compared shrub
epiphyte communities among unthinned young stands, thinned young stands and old
growth in 17 areas of western Oregon, including sites in both the Coast Range and
Cascades. Our main question was whether opening the canopy through thinningwould enhance lichen and bryophyte communities on tall shrubs and potentially
increase similarity of epiphyte communities between young and old stands. We
expected that effects of overstory thinning would be more pronounced in shrub
communities than in epiphyte communities as a whole, as the understory would likely
see the greatest changes in available light.
The third chapter of this thesis expands on the second by considering shrub
epiphyte diversity at the landscape level. It compares communities in our initial study
sites with those of nearby putative "hotspots" of epiphytic lichen diversity. It asks
whether, on the landscape level, shrub epiphyte diversity is concentrated in special
habitats or "hotspots," and how the communities in potential hotspots differ from
those in other stand types. This work was also a test of our ability to locate landscape
level hotspots using stand structural features, topography, and key indicator species,
and was intended to provide information on amount of overlap among hotspots for
overall macrolichen diversity, shrub lichen diversity and shrub bryophyte diversity. A
comparison of shrub epiphyte communities between young and old stands and across
mountain ranges is also included.
Results of the comparisons of shrub epiphyte communities among stand types
indicated that old stands often have greater cover of bryophytes on shrubs than young
stands. Although differences in cover could have been due to differences in maturity
of shrub stems among stand types, effects of microclimate on the ability of bryophytes
to persist and flourish may also have been important. To address this possibility, we
developed transplant methods for assessing accumulation rates of mat-forming
bryophytes. Chapter four presents the results of a comparison of accumulation ratesfor two moss species, Antitrichia curtipendula (Hedw.) Brid. and Isothecium
myosuroides Brid., among an old growth stand, a young stand, and a clear cut.
Antitrichia is considered an old growth associate while Isothecium is a more
ubiquitous species. The goal was to obtain baseline data on differences in
accumulation rates of these species within and among stand types while also testing
transplant methods that could be used to evaluate further the effects of habitat and
silvicultural treatments on bryophytes.
The results presented in this dissertation provide a general understanding of how
shrub epiphyte diversity is distributed across the landscape as well as how shrub
epiphyte communities may be affected by forest management practices. Attention to
the implications of these results should help minimize the negative impacts of logging
and contribute to the maintenance of overall epiphyte diversity in the region.5
Chapter 2
Shrub Epiphyte Communities in Relation to Overstory Thinning
in Forests of Western Oregon
Abbey L. Rosso, Patricia S. Muir, and Bruce McCune
For submission to Forest Ecology and ManagementABSTRACT
We surveyed lichens and bryophytes on tall shrubs as part ofa larger
interdisciplinary study of the effects of overstory thinning inyoung stands of western
Oregon. Shrubs were chosen for study because they can be hot spots of epiphyte
diversity and because we suspected the effects of thinning would be most pronounced
on epiphytes in the understory. We compared shrub epiphyte communities among
unthinned young stands, thinned young stands, and old growth forests in 17 study
blocks from the Coast and Cascades Ranges. Differences in epiphyte communities
among stands were tied to differences in shrub community characteristics, as well as
site and stand characteristics. Relationships between thinning and shrub epiphyte
communities were also apparently tied, in part, to effects of thinning on shrubs. In the
Coast Range, where there were relatively few lichens in unthmnned stands, thinning
appeared to increase lichen richness and abundance, and increase similarity of shrub
lichen communities between young and old stands. However, a lower density of older
shrub stems was associated with lower cover of bryophytes in Coast Range thinned
stands relative to unthinned and old-growth stands. In contrast, shrub epiphyte
communities in the Cascades differed more by block than by stand type, and apparent
effects of thinning were subtle. Young stands in the Cascades had rich lichen
communities on shrubs, such that thinning did not appreciably increase lichen richness
or abundance; thinning was also not linked with a loss of older shrub stems in
Cascades stands, or with lower bryophyte cover. Thinning may increase lichen
richness on shrubs in young stands when lichens are sparse in the understory, but older7
shrubs stems should be protected during thinning to minimize negative impacts on the
epiphyte communities.
INTRODUCTION
Shrubs and other hardwoods are gaining recognition as hotspots of diversity in
young, conifer-dominated forests of the Pacific Northwest (Hagar et al. 1996; Neitlich
& McCune 1997). Recent research on epiphyte communities in young stands of
western Oregon found that hardwood gaps had greater lichen richness and more old-
growth associated lichen species than more homogeneous conifer-dominated areas in
the same stands (Neitlich & McCune 1997). Hardwoods have, therefore, been
hypothesized as the initial points of colonization in young stands for some old-growth-
associated lichens. Shrubs are also one of the main substrates for epiphytic
bryophytes in the understory (Peck 1997) and can be thickly draped in bryophyte
mats. In this study, we asked whether thinning the canopy would enhance lichen or
bryophyte communities on tall shrubs and potentially increase similarity of the
epiphyte communities between young and old stands.
Epiphytic lichens and bryophytes contribute substantially to the overall diversity,
living biomass and function of old-growth forests (Lesica et al. 1991; McCune 1993).
Lichens and bryophytes provide food or shelter for a diverse array of organisms, from
invertebrates to mammals (Gersun & Seaward 1977; Maser et al. 1985; Peck &
Moldenke in prep; Sharnoff 1994; Stevenson 1978). They are used as nesting material
by birds and small mammals, including the marbled murrelet and the northern flying
squirrel (Hayward & Rosentreter 1994), and are indirectly linked to many other
organisms by providing food or habitat for prey species (Petterson et al. 1995). Theyalso play important roles in nutrient cycling (Knops et al. 1991; Nadkarni 1984; Pike
1978) and may help buffer changes in forest humidity by acting as giantsponges
(Veneklaas & Van Ek 1991; Veneklaas et al. 1990).
Decreases in abundance and changes in composition of epiphyte communities in
young managed stands relative to old growth may compromise some ecosystem
functions and lead to decreased habitat quality for other organisms (Lesica et al. 1991;
McCune 1993; Neitlich 1993; Petterson et al. 1995). Conversion of old-growth forests
to young plantations has also led to increasing concern for the long term survival of
communities characteristic of old growth, including many old-growth associated
lichens and bryophytes (Goward 1994, 1993; Lesica et al. 1991; Rosentreter 1995;
USDA and USD1 1993). Thus, land managers are now looking for ways to maintain
or restore old-growth associates in managed stands.
This study is part of a larger, interdisciplinary look at the effects of traditional
commercial thinning on biological communities in young managed forests. Thinning
of young stands has traditionally been used to enhance tree growth by leaving more
widely and evenly spaced trees. It may also aid some old-growth associates by
accelerating development of certain old-growth structural characteristics, such as
multistory canopies (Hayes et al. 1997). Thinning to enhance habitat can differ
substantially from traditional thinning by focusing specifically on the creation of
structural or compositional diversity. However, traditional thinning is still widely
used today. Understanding its effects is important to our understanding of current
forest conditions and may help guide future thiimings and other management practices
designed to protect or enhance old-growth communities.We speculated that the effects of overstory thinning would be more pronounced in
understory epiphyte communities than in epiphyte communitiesas a whole because
the understory would likely see the greatest increases in light after thinning. Shrub
epiphytes might be particularly responsive to the changes incanopy density given the
rich communities often associated with hardwood gaps. Our retrospective approach
sought potential effects 10-25 yrs after thinning. We compared shrub epiphyte
communities between unthinned young stands, thinned young stands, and old growth
in 17 sites in western Oregon. In addition, we compared shrub epiphyte communities
and their apparent responses to thinning across two biogeographicalareas, the Coast
Range and the Cascades. Because the shrubs themselves may vary with stand type
and range, we also investigated relationships between the epiphyte communities and
shrub community characteristics.
Our comparisons are valid only for the sites studied, as sites were not chosen at
random. Likewise, true cause and effect cannot be assigned to relationships between
epiphytes and stand treatments, as no pretreatment data are available. However, the
relatively large number of sites and geographical spread should give an indication of
true trends and the range of responses to thinning.
METHODS
Study Sites
We sampled epiphytes (macrolichens and bryophytes) on shrubs in 17 blocks of
forested stands in western Oregon, with nine blocks in the Coast Range and eight
blocks in the Cascades. Each block consisted of an unthinned young, a thinned young,10
and an old-growth stand; Coast Range stands were sampled during thesummer of
1995, and Cascades sites were sampled during 1996. Young stands in each block
were originally part of the same stand, where one portion had been commercially
thinned 10-25 yrs ago and an adjacent portion left unthinned. Young stands ranged
from 50 to 110 yrs old, with thinning intensities ranging from 1060 % volume
removed. All young stands had regenerated naturally following clear-cutting and
burning. Old-growth stands were as close as possible and as similar in site
characteristics as possible to the young stands, though distance to young stands ranged
up to 19 km in areas where old growth was scarce. Old-growth stands had trees more
than 200 yrs old and multistoried canopies. All stands were on upland sites, chosen to
avoid riparian influences. For additional site selection criteria and description of stand
characteristics, see Bailey and Tappeiner (1998).
Sites were located from latitude 43.2 to 45.3 ° N in the Coast Range and from 43.0
to 45.5 N in the Cascades, with elevations ranging from 250 to 900 m. (For map of
locations see Rosso et al., in prep). The region is characterized by a wet, mild
maritime climate (Franklin & Dryness 1973); average annual precipitation at the sites
ranged from 120 to 324 cm (from maps based on Daly et al. 1994). Pseudotsuga
menziesiI (Mirb.) Franco was the dominant overstory species in all stands except one
pair of Coast Range young stands in which Tsuga heterophylla (Raf.) Sarg. was
dominant.11
Sampling Methods
Epiphyte sampling
Epiphyte communities can differ between sites in species composition or
abundances, sometimes moreso than in total species richness (Esseen et al. 1996).
However, there is a tradeoff between quantitative accuracy and species "capture" rates
(number of species documented) for a given sampling method and survey time
(McCune & Lesica 1992). We wanted to compare both community composition and
species abundances between stands, as well as species richness. We therefore used
both a microplot method and a whole-plot "ocular" method in our surveys (see below).
The microplot method was designed to give more precise abundance data than the
ocular method, while the ocular method was expected to provide better species
"capture" rates (McCune & Lesica 1992). The emphasis of each sampling method is
important to keep in mind when interpreting results; emphasis of the sampling is
indicated in results as either "cover" or "species list", for the microplot and ocular data
respectively.
In each stand we placed one large circular plot (0.4 ha), with care given to
minimize edge effects and avoid unusual areas within the stand. Plot size and shape
were chosen to match the Forest Health Monitoring (FHM) protocol (McCune et al.
1997; Tallent-Halsell 1994). Within each plot, we sampled only those shrub species
that are usually taller than 2 m and that we considered stable epiphyte substrates, most
commonly Acer circinatum Pursh, Holodiscus discolor (Pursh) Maxim.,
Rhododendron macrophyllum D. Don., and Corylus cornuta Marsh var. californica12
(A. DC.) Sharp, but also including Cornus nuttallii Nutt., Chrysolepis chrysophylla
(Hook.) Hjelmq., Amelanchier alnfolia Nutt., and Oemleria cerasformis (H.&A.)
Landon. Substrates excluded from sampling included Vacciniumspp., Rosa spp.,
Ribes spp., and all stems <2 m tall, regardless of species. We excluded stems less than
2 m in length to accommodate our sample design (see below) and because smaller
stems were usually young and held few epiphytes. Our sampling rate was
approximately one plot per day.
During microplot sampling, we estimated cover of each epiphyte species
(macrolichens and bryophytes) on 0.5 m sections of 20 shrub stems. To locatea
sample stem, we progressed a random number of steps along an 8 m wide transect toa
sample point. The transect wound back and forth across the plot, covering the entire
area within the plot boundaries. At each sample point, we randomly chose a stem for
sampling from the closest suitable shrub and estimated cover of each epiphyte found
on the upper surface of the section centered 1.5 m from the base of the stem. Cover
was recorded in the following percent classes: <1, 1-5, 5-25, 25-50, 50-75, 75-95, 95-
100 (categories approximate an arcsin-squareroot transformation). When fewer than
20 usable stems were present in the plot, we did not collect microplot data. Eleven of
the 51 plots had fewer than 20 stems, including four unthinned, three thinned, and one
old-growth stand in the Coast range, and one thinned, and two old-growth stands in
the Cascades.
We followed microplot sampling with a time-constrained whole plot survey similar
to the "ocular" method used in FHM surveys for macrolichens (McCune et al. 1997;
Tallent-Halsell 1994). Although standard FHM surveys last up to 2 hrs, our surveys13
were limited to 1 hr. as the plots had been previewed during microplot sampling.
During a survey, the first author visited as much of the plot as possible and assigned
epiphytes on tall shrubs (above 0.5 m from the ground) to one of four abundance
classes. Abundance classes were: 1=1-3 individuals in plot (rare), 2=4-10
individuals in plot (occasional), 3>10 individuals but present on<50% of the
available substrates (common), and 4= 50%of available substrates in the plot host
this species (abundant). For bryophyte species that grew in large mats,we defined an
"individual" as a patch of approximately 10 cm2. We ended the survey ifmore than
10 mm passed without finding a new species and both halves of the plot had been
visited for at least 15 mm. No ocular surveys were conducted in two unthinned and
one thinned Coast Range stands and one thinned Cascade stand because there were no
tall shrubs.
Any epiphytes not identified to species in the field were collected and identified in
the lab. For lichen nomenclature we followed McCune and Geiser (1997), except for
a few groups in which species can be difficult to distinguish reliably or require TLC
for separation. Species groups included the Cladonia ochrochlora group, (C.
ochrochlora and C. coniocraea), Cladonia chlorophaea group (C chlorophaea, C.
albonigra, and related species; McCune & Geiser 1997), UsneaJulipendula group
(McCune & Geiser 1997), Usnea subfloridana group (U subfloridana, U substerilis,
and U diplotypus), and Usnea lapponica group (U lapponica and U fulvoreagens).
Species groups were treated as a single species in analyses. Nomenclature follows
Anderson, et al. (1990) for mosses, Stotler and Crandall-Stotler (1977) for liverworts,
and The Jepson Manual (Hickman 1993) for vascular plants.14
Shrub sampling
The shrub community was characterized during the microplot surveys. We
recorded the species of each sampled stem and assigned it to one of the following four
life classes: young whips, vigorous upright mature stems, declining stems, or
horizontal/decadent stems. Life classes are rapidly applied, and capture the basic life
history of the stem (O'Dea et al. 1995). We also measured stem diameter at the base
of the microplots using digital calipers, and took a core or stem section from the same
area for aging. Ages were determined in the lab by counting annual rings with the aid
of a dissecting microscope after sanding the cores or sections.
We estimated stem density by life class and species in twenty subplots. Subplots
were 3.0 m radius circles centered on the sampling points established during sample
stem selection; the subplot did not necessarily include the stem used in microplot
sampling, as we sometimes had to go considerable distance from the sample point to
reach that shrub stem. Stem counts in each subplot were recorded in alog2geometric
series: 1 stem, 2-3 stems, 4-7, 8-15, 16-31, etc. Fifteen percent of the total plot area
was included in subplots, and no area was sampled more than once. In plots with
fewer than approximately 30 shrub stems, the stems were simply counted.
Other environmental variables
We measured basal area and canopy density at plot center and four equally spaced
points along the edge of the plot. Basal area of each tree species was measured using
variable radius plots and wedge prisms (BAF 20 ft2/acre); canopy density was
estimated using spherical densiometers. Other environmental variables were obtainedfrom maps, from calculations, or from data collected in the same stands by other
researchers (Table 2.1).
Table 2.1. Environmental variables used in analyses, with sources for data.
VARIABLES
site characteristics
latitude and longitude
elevation
distance to ocean
distance to water (horizontal and vertical)
distance to ridge (horizontal and vertical).
slope
precipitation
aspect (as heat index)
topographical position
(upper, mid, and lower slope)
stand characteristics
tree basal area (BA)- total
% of BA in hardwoods, in conifers
% of BA in each tree species
conifer richness, hardwood richness
% canopy cover (average)
canopy cover variation
stand age
years since thinning
% volume removed
site index (estimated tree ht at 50 yrs)
shrub characteristics
stem age (aye, std. dev., median, max)
stem diameters (aye, S.D., median, max)
stem life classes (aye, S.D., median, max)
stem density (total)
stem density of four dominant species
density of each life class (all species)
shrub species richness
DATA SOURCE
GPS
USGSmaps
USGSmaps
on site measurements
precip. maps (based on Daly et al. 1994)
after Beers et al. (1966)
field observations
wedge prism measurements
from BA data
mean of 5 densiometer readings
S.D. of 5 densiometer readings
Bailey and Tappeiner (1998)
measurements and calculations.
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Analysis
The two main data sets used for analyses were derived from the two sampling
methods (Fig. 2.1). Data from the ocular surveys were used directly, and consisted of
an abundance code for each species found in a given plot. Microplot data consisted of
values for cover per stem and were weighted by stem abundance to estimatecover per
plot of each epiphyte species. Cover class data from each microplotwere multiplied
("weighted") by the estimated density of that sample stem-type (life class and species)
in a plot; data were then aggregated to the plot level by averagingcover class values
for each species across all 20 weighted samples. Microplot datawere also aggregated
to the plot level without weighting to give estimates of mean cover per stem of each
epiphyte species for each plot. However, we were most interested in stand-level
values and thus mention cover per stem analyses only when they provided additional
insight into differences among plot types.
We estimated density of each shrub life class by species, as well as total densities
of each species and each life class independent of species. To estimate stem densities
(no. per m2) for a given plot we divided total abundance of a given stem type in all
subplots by the area covered by the subplots (566 m2). Total stem abundanceswere
estimated by summing the geometric midpoints of the abundance classes from each
subplot (Oksanen 1976). Average stem age, diameter, and life class per plot were
based on the 20 stems used for microplot sampling.I MICROPLOT I
-20 stems/plot
-emphasis:
abundance
Stem
density
OCULAR
-Whole plot
-emphasis:
species "captu
PAggregate to plot V
/STEM OVER ESLIST
Figure 2.1. Sampling and analysis scheme.
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Community (multivariate) analyses
We tested for differences in communities between the two mountainranges, and
among stand types and blocks within each range, using multi-response permutation
procedures (MRPP; McCune & Mefford 1999) with the quantitative version of
Sorensen's similarity index as our distance measure. MRPP (Mielke 1984) isa
nonparametric method that tests for differences between groups using multivariate
data. In the ocular data from the Cascades, where therewere strong differences in
communities between blocks (see "Results"), we used blocked MRPP (MRBP)to test
for differences among stand types. MRBP requires a balanced design and is
incompatible with Sorensen's distance measure. Thus, for blocked analyseswe used
Euclidean distance and could include only six of the eight sets of stands sampled in the
Cascades (two blocks had plots with no shrubs). Although there was also a block
effect in the Coast Range data sets (see "Results"), MRPP was used for these analyses
because a large fraction of the blocks contained plots without shrubs, which would
have greatly reduced sample sizes with MRBP; differences among stands types in the
Coast Range were still apparent with MRPP. The exception was the analysis of lichen
cover data in the Coast Range, where lack of lichens in multiple plots made analysis
with MRPP unreasonable as well.
For both MRPP and MRBP, each comparison results in ap value for a test of the
hypothesis of no difference between groups. Due to the large number of comparisons
made (64), chance alone would be expected to give three p values < 0.05. We also
report the chance-corrected within-group agreement (A), a measure of relative within-
group homogeneity. Higher A values indicate tighter groups, with A1 when all19
items within groups are identical (e.g. when all stands ina group have identical
composition) and A = 0 when heterogeneity within groups equals expectation by
chance.
To assess gradients in species composition and abundances across stands and
relationships between communities and environmental factors,we used non-metric
multidimensional scaling (NMS; Kruskal 1964; Mather 1976; McCune & Mefford
1999) with Sørensen's distance measure. We chose the number ofaxes for each
ordination based on interpretability and cumulative stress reduction. In mostcases
two axes captured most of the variability among plots (>75%); we used three axes
when the third axis provided additional insight into differences between stand types,or
when a two-axis solution provided no less stress reduction than expected by chance
(based on randomization tests). Axes were rigidly rotated to align with the strongest
explanatory variables and assist with interpretation.
For all community analyses (MRPP, MRBP, and NMS) we deleted rare species
(those occurring in <5% of the plots) from the data sets before analysis, to reduce
"noise." Cover data were log-transformed to reduce skew and variation in the species
data, but there was no need to transform ocular data. Outlier stands were deleted if
they interfered with analyses and were known to be unusual; outliers were defined as
stands with average compositional dissimilarity greater than 2.5 standard deviations
from the mean. In the Coast Range analyses, one thinned stand was deleted from all
analyses (SD>>3.0 in all cases, and only very young shrub stems were present). In the
Cascades, two old-growth stands were deleted from the ocular data set (SD = 2.5 and
3.1); these stands had too few stems to be included in the microplot sampling. In20
addition, plots without shrubs could not be included in any community analyses, and
those with <20 stems were excluded from analyses based on cover data.
We assessed differences in environmental factors among blocks and stand types
using three separate sets of environmental data: site characteristics, stand
characteristics, and shrub community characteristics (Table 2.1). All variableswere
relativized by standard deviates before analysis to reduce the influence of the different
types of measurement units and equalize the contributions of each variable to their
respective analyses. Group differences were evaluated using MRPPon Euclidean
distance matrices.
Univariate analyses
To test for differences in species richness (alpha diversity) across ranges and
among stand types within each range, we used analysis of variance (ANOVA or
blocked ANOVA; SPSS 1998). Species richness included all species found in the
microplot sampling as well as those detected only by ocular sampling. We compared
richness of all epiphytes, lichens only, bryophytes only, and richness of three lichen
functional groups. Functional groups included cyanolichens (those containing
nitrogen-fixing cyanobacteria), alectorioid or forage lichens (Alectoria, Bryoria and
Usnea spp.), and "other" lichens (green algal foliose lichens), with all macrolichens
belonging to one of the three groups (see also McCune 1993). When no shrubs were
present, richness was considered 0. Note that due to the large number of comparisons
made (21), chance alone would be expected to result in onep value < 0.05.
We tested for differences in total cover per plot among stand types and across
ranges using the nonparametric Kruskal-Wallis one-way analysis of variance, as21
distributions of cover values were highly skewed. Our measure of totalcover for each
group of species (i.e. lichens, bryophytes, or total), was calculated by summing
individual species' cover classes from the microplot data after weighting by stem
abundance and aggregating to the plot level. Plots with fewer than 20 stems, and thus
no microplot data, were treated as though they had no stems and, thus, 0 cover. With
21 total comparisons, chance alone would be expected to give onep value <0.05.
To evaluate relationships between key characteristics of the epiphyte conMnunities
and environmental gradients across all stands we used multiple linear regression
(SPSS 1998). Environmental variables used in the analyses were those that correlated
with epiphyte communities in ordinations of either the Coast Range or Cascades data.
Several shrub community characteristics were associated with epiphyte communities,
but these shrub variables were highly intercorrelated. In the regression analyses,we,
therefore, substituted synthetic orthogonal shrub community variables extracted with
principle components analysis (PCA; McCune & Mefford 1999) in place of the
original shrub variables. The extracted variables were the coordinates from the first
two principle components of an analysis of shrub life class abundances among all plots
(all shrub species combined); they represented gradients in stem abundances (all life
classes) and shrub community "maturity" (average life class, primarily the abundances
of life class 3 and 4 stems) and accounted for 77 and 11 % of the variation in shrub life
class distributions respectively. We refer to these variables as "shrub abundance" and
"shrub maturity". Lichen richness and bryophyte cover were the dependent variables
and regression equations were built using stepwise addition of the selected22
environmental variables (probability ofF to enter0.05, probability ofF to remove
0.1; SPSS 1998).
RESULTS
Shrub epiphyte communities differed both across the biogeographicalareas
represented by the two mountain ranges, and among stand types and blocks within
ranges. Across all stands, we documented 118 species from tall shrubs, including 77
macrolichens and 41 bryophytes (for complete species listsee Rosso et al., in prep).
Richness per stand ranged from 0 to 56 species, with from 0 to 45 lichens and from 0
to 21 bryophytes per stand. Acer circinatum was by far the most frequently sampled
substrate, but Holodiscus discolor, Rhododendron macrophyllum, and Corylus
cornuta var. calfornica were also common.
Communities varied more between ranges than among stand types (MRPP, Table
2.2). Differences between ranges were stronger when emphasis was on species lists
Table 2.2. Results of tests for differences in epiphyte communities betweenranges
and among stand types using Multi-Response Permutation Procedures (MRPP).
Numbers are the chance-corrected within-group agreement (A; see methods);
significant differences are indicated with asterisks:**= p<0.001,*= p < 0.05.
Analysis Emphasis:
SPECIES LISTCOVER
Between Range:
all stand types 0.099 0.0 13*
young stands 0.143** 0.026*
old growth 0.049* 0.009
Among Stand Types 0.003 0.010
than on cover. Total richness (lichens + bryophytes) was nearly twice as high, on
average, in the Cascades as in the Coast Range due to greater average richness of
lichens in the Cascades (p < 0.00 1 for differences in total and lichen richness, p= 0.2123
for bryophyte richness). Differences in communities betweenranges were stronger in
young stands than in old-growth stands.
Because of the strong influence of range on communities, we separated Coast
Range and Cascade sites for analysis of differences among stand types. Differences in
shrub epiphyte communities between mountain ranges are discussed inmore detail in
Rosso et al. (in prep).
Differences Among Stand Types
Differences in communities among stand types were readily apparent in the Coast
Range, but were often masked by strong block effects in the Cascades (MRPP, Table
2.3). Even after accounting for blocking, differences in epiphyte communitiesamong
stand types were weaker in the Cascades than in the Coast Range. In both regions,
patterns of variation among stand types differed between lichen and bryophyte
communities, but the patterns were not consistent across ranges for either lichensor
bryophytes.
Coast Range
In the Coast Range, distinctions between stand types were generally as strong or
stronger than block effects (MRPP; Table 2.3). Differences between communities in
young versus old-growth stands were generally apparent in analyses emphasizing
species list or cover (Table 2.3). Although lack of full data sets weakened some
comparisons between communities in old growth versus individual young stand types,
lichens and bryophytes appeared to have nearly opposite responses to thinning.24
Table 2.3. Results from tests of differences in epiphyte communitiesamong
stand types and blocksusing Multi-Response Permutation Procedures (MRPP
and MRBP). Numbers are the chance-corrected within-group agreement (A;
see methods); significant differences are indicated withasterisks. Note that A
is independent of sample size, but p values are not. Yg = young stands,
thin = thirmed young stands, unthin = unthinned young stands, and OG= old
growth.
Method Emphasis: SPECIES LIST COVER
total lichens bryos total lichens bryos
Coast Range
Block 0.086**a 0007a 0.222**0 o.083*a X 0.186**a
Stand types (all) 0.035** 0.065** 0.018 0.066** X 0.048*
Yg vs OG 0.030** 0.038** 0.023* 0.026* X 0.017
Thin vs Unthin 0.008 0.048* -0.009 0.073** X 0.055*
Thin vs OG 0.013 0.019 0.030** 0.028* 0.o44*a0.054*
Unthin vs OG 0.057** 0.076** 0.014 0.064** X 0.004
Cascade Range
Block 0.203***0.190***a0.197*** 0.050 0.Oo8a 0.023a
Stand types (all) 0.000 -0.006 0.021 -0.003 0.079**a-0.015
Yg vs OG b b b 0.00 1 0.055**a-0.012
Thin vs Unthin 0 .006 -0.006 0.053 -0.007 0.035*a -0.004
Thin vs 00 -0.004 -0.007 0.005 0.010 0.081**a-0.011
Unthin vs OG -0.013 -0.030 0.045 -0.009 0.073*a -0.020
= p<.00l; ** = p <.05; * = .05 <p <.1
= blocked analysis (MRBP); only 6 of 8 blocks were included due to lack of shrubs in
some stands
a - analysis with less than full data set due to lack of shrubs in some stands
b - analysis not possible due to uneven group sizes
X = not tested due to high percent of stands with no lichens on shrubs
Thinning appeared to increase lichen richness in young stands, with average values in
thinned stands approaching those found in old growth (Fig. 2.2;p = 0.06 and 0.31
for difference between thinned and unthinned stands and thinned and old growth
respectively, blocked ANOVA). Composition of lichen communities also differed
between unthinned and thinned stands; communities in thinned stands were similar to
those in old growth, while those in unthinned stands were not (MRPP, species list30
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Figure 2.2. Comparisons of mean richness and mean cover (± I standard error)
among unthinned. thinned, and old growth stands in each mountain range. Statis-
tically significant differences (p <0.05) within taxonomic groups and ranges are
indicated by different letters on bars; suggestive differences (0.05 <p < 0.10) are
indicated by letters in parentheses.26
emphasis, Table 2.3). Increases in lichen richness and abundance in thinned relative
to unthinned stands were mainly due to increases in alectorioid and "other" lichens,
but not cyanolichens (p=O.03, 0.08, and 0.56 for differences in alectorioid, other, and
cyanolichens respectively; blockedANOVA).Cyanolichens were more often present
in old-growth stands than in either young stand type (average alpha= 1.3 vs 0.33 for
old growth and young stands respectively; p =0.052, blockedANOVA).
In contrast with lichens, bryophyte communities on shrubs did not differ between
thinned and unthinned stands in average richness (Fig. 2.2) or in community analyses
emphasizing species lists (MRPP, Table 2.3). Old-growth stands were richer in
bryophyte species than either of the young stand types (Fig. 2.2,p <0.05, blocked
ANOVA).Bryophytes did, however, differ between thinned and unthiimed stands in
community analyses emphasizing cover; communities in unthinned standswere more
similar to those in old growth than communities in thinned stands were to old growth
(MRPP, Table 2.3). Unthinned stands also tended to be more similar to old growth in
total cover of bryophytes (Fig. 2.2,p = 0.45 and 0.10 for comparisons of old growth
with unthmnned and thinned respectively, Kruskal -Wallis). In addition to lower total
cover, thinned stands had lower mean cover per stem than other stand types (p = 0.01
and 0.003 for differences between thinned and unthmnned, and thinned and old growth
respectively; Kruskal-Wallis test). The lower cover per stem in Coast Range thinned
stands was associated with lower densities of older shrub stems (p = 0.06 for
differences in density of life class 4 stems among stand types,ANOVA;Fig. 2.3).
Ordinations illustrated the distinctions in communities both among and within
stand types (Fig. 2.4; results with emphasis on species lists showed similar patterns28
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Figure 2.4. NMS ordination of Coast Range data, cover emphasis, showing
stand types in species-space. Correlations with ordination axes are indicated
by arrows, with correlation coefficients for individual variables listed in
Table 2.4.and both ordinations accounted for 85% of the variation in communities).
Communities in old growth and thinned stands were highly variable, while those in
unthinned stands grouped more tightly in species-space. The greatestamount of
variation among stands was explained by Axis 1, which represented total richness and
lichen richness (Table 2.4; with data emphasizing species lists the richness axis
accounted for 73% of the variation). With both cover and species list emphases, this
Table 2.4. Correlation coefficients (r) for variables and species strongly
associated with ordination axes in Coast Range data, cover emphasis.*
Strong correlations are shown in bold. Environmental variables are
defined in Table 2.1.
Axis 1
Lichen richness
Axis 2
Bryophyte cover
%variation explained: 0.595 0.257
Richness and abundance variables
lichen richness 0.691 0.003
total richness 0.655 0.099
lichen cover 0.633 0.085
bryophyte cover 0.150 0.548
total cover 0.224 0.556
Environmental variables
distance to water-horizontal 0.655 0.335
distance to water-vertical 0.559 0.205
slope -0.277 0.470
basal area (BA) 0.052 0.486
%of BA in P menziesii 0.096 -0.454
%of BA in T. heterophylla -0.086 0.495
stand age 0.228 0.607
stem life class mean 0.455 0.529
stem life class-median 0.427 0.588
Species
Parmelia sulcata 0.682 0.068
Platismatia glauca 0.655 -0.106
Pore/la navicularis 0.680 0.457
Antitrichia curtipendula 0.097 0.792
Isothecium myosuroides 0.244 0.889
*richness cover and environmental variables with Irl > 0.45; species with Irl > 0.630
axis was highly correlated with gradients of increasing abundance ofcommon "other"
lichens, such as Platismatia glauca and Parmelia sulcata (Table 2.4). Unthinned
stands tended to be lower than average along this richness axis.
Separation of thinned and old-growth stands was strongest along the second axis
(Fig. 2.4), which represented a gradient of increasing total and bryophytecover from
thinned to old growth stands. This axis was strongly correlated withcover of the mat-
forming species Isothecium myosuroides and Antitrichia curtipendula (Table 2.4).
Thus, thinned and old growth stands were distinguished most strongly bycover of
dominant bryophytes, but most of the variation among plots was due to differences in
lichen richness and cover, which tended to separate unthinned stands from other stand
types.
The environmental variable most strongly correlated with the richness gradient
(Axis 1, both data sets) was distance of the stands to water, with greater lichen
richness associated with greater distance from water (Table 2.4). Separation between
thinned and old-growth stands (Axis 2) was correlated with shrub and stand
characteristics, including average life class of shrub stems, stand age, BA, and percent
of BA in Tsuga heterophylla vs Pseudotsuga menziesii (r> 0.45, both data sets), and
with mean stem age and diameter (species list emphasis only, r> 0.45 for each).
Except for BA of Pseudotsuga menziesii, these shrub and stand variables were
positively correlated with the gradient in total and bryophyte cover, which separated
thinned stands (low bryophyte abundance) from old growth (high bryophyte
abundance).31
In an attempt to assess the effects of thinning intensity andyears since thinning on
the shrub epiphyte communities, we used ordination of thinned stands only (not
shown). However, we saw no correlations between percent volume removedor years
since thinning and the distribution of stands in species-space. While these factorsare
likely to influence shrub epiphyte communities, variation from othersources was
apparently larger. Our relatively small sample size also limitedour ability to assess
these effects.
Cascades
In the Cascades, differences in shrub epiphytes between stand types were relatively
subtle. In community analyses, there was generally a stronger block effect than stand
type effect, particularly in the data emphasizing species lists (MRPP, Table 2.3). Even
after accounting for blocking, communities did not differ between stand types in
analyses emphasizing species lists (MRBP, Table 2.3), nor did they differ inaverage
richness per plot of lichens, bryophytes, or total shrub epiphytes (blocked ANOVA,
Fig. 2.2, minimum p= 0.38). We did detect a difference in lichen communitiesamong
stand types in community analysis emphasizing cover (MRBP, Table 2.3). Lichen
communities were more similar between unthinned stands and old growth than
between thinned stands and old growth (Table 2.3). However, these analyses were
limited to 16 plots (five unthinned, six thinned, and five old-growth stands) due to lack
of lichens in the microplot samples, and mean lichen cover was similar among stand
types (Fig. 2.2).
Old growth tended to have more epiphyte cover than young stands in the Cascades
due to a tendency for greater bryophyte cover in old-growth stands. However, these32
differences were not statistically significant (Fig. 2.2; minimump = 0.67, Kruskal-
Wallis tests). There was also no difference in total or bryophyte cover between
thinned and unthinned stands. Thinned stands did have lowermean cover per stem
than either unthinned or old-growth stands (p = 0.08 and 0.10 respectively, from
Kruskal-Wallis tests), but there were more young stems in thinned than in other stand
types (p = 0.08 for differences in density of life class 1 stems among stand types,
ANOVA; Fig. 2.3). An abundance of younger stems with few epiphytes could lower
the average cover per stem, even when total cover per plot was similaramong stands.
Thinned stands in the Coast Range also had lower mean cover per stem than other
stand types but they had lower mean cover per area as well. In the Coast Range
thinned stands, low average cover per stem and low total cover were associated with
low densities of older shrub stems rather than high densities of young stems. In
contrast, thinned stands in the Cascades did not have lower densities of older stems
than unthinned stands (Fig. 2.3).
In ordinations of the Cascades data, block effects dominated the distribution of
stands in species space, especially with data emphasizing species lists (Fig. 2.5). As in
the Coast Range, the greatest amount of variation among plots was explained by an
axis that correlated with gradients of total species richness, lichen richness, and lichen
cover (Table 2.5; with data emphasizing cover, the richness axis accounted for 41% of
the variation). In both ordinations of Cascades communities, the axis representing
richness gradients was positively correlated with abundance of common "other"
lichens (e.g. Hypogymnia inactive, Parmelia sulcata and Platismatia glauca)
common forage lichens (e.g. Usneafihipendula grp, and Ramalinafarinacea), and one33
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Figure 2.5. NMS ordination of Cascades community data, species list emphasis.
Symbols represent stand types; lines join stands from the same block when block
members are grouped tightly in species space. Correlations indicated by arrows,
with correlation coefficients for individual variables listed in Table 2.5.34
Table 2.5. Correlation coefficients (r) for variables and species strongly associated
with ordination axes in Cascade Range data, species list emphasis.* Strong
correlations are shown in bold. Environmental variables are defined in Table 2.1.
Axis 1
Lichen richness
Axis 2
%variation explained: 0.772 0.123
Richness and abundance variables
lichen richness 0.925 -0.057
total richness 0.892 -0.074
lichen cover 0.630 0.072
Environmental variables
elevation 0.808 -0.194
latitude -0.359 0.739
longitude 0.305 0.594
distance to water-horizontal -0.121 0.512
precipitation -0.264 0.558
stem age standard deviation 0.499 -0.427
stem age-maximum 0.448 -0.320
stem densitytotal 0.533 -0.222
stem density-life class 2 stems 0.481 -0.249
stem density-life class 3 stems 0.510 -0.487
stem density-life class 4 stems 0.560 -0.050
stem density -Acer circinatum 0.493 -0.062
stem density-Holodiscus discolor 0.387 -0.624
Species
Isothecium myosuroides -0.828 0.196
Ulota obtusiuscula -0.202 0.725
Cetraria orbata 0.780 0.052
Hypogymnia apinnata 0.753 -0.370
Hypogymniaenteromorpha 0.673 -0.629
Hypogymnia inactiva 0.857 -0.142
Hypogymniaphysodes 0.530 -0.620
Hypogymniatubulosa -0.149 0.710
Lobariapu/monai'ia 0.736 -0.430
Melanelia fuliginosa 0.646 -0.227
Platismatia glauca 0.768 0.042
Platismatia herrei 0.680 -0.304
P/a tismatiastenophyl/a 0.755 0.057
Ramalinafannacea 0.731 0.120
Spherophorus globosus 0.648 0.045
Usneafilipendula 0.752 -0.168
*r,chness cover and environmental variables with Irl > 0.45; species with Irl > 0.635
cyanolichen (Lobariapulmonaria) (Table 2.5). Unlike the Coast Range, therewas no
differentiation of stand types along the richness axis.
The distribution of stands in species space was strongly associated with site
characteristics, particularly elevation. Increases in elevation were positively correlated
with gradients in lichen richness and cover (Table 2.5, data from cover-based
ordination not shown), though all Cascades sites were at fairly low elevations (from
390 to 890 m). Shrub age and abundance variables (including density of older shrub
stems and total stem densities) were also positively correlated with the richness axes,
but were not necessarily associated with differences between stand types,as in the
Coast Range. Distance to water was highly correlated with differences in shrub
epiphytes among stands, but in contrast with the Coast Range it was not correlated
with the lichen richness gradient in the Cascades. Additional site characteristics (e.g.,
latitude, longitude, aspect, and solar radiation), and stand characteristics (e.g., % of
BA in hardwoods vs. conifers, amount of cover by hardwoods) were correlated with
the distribution of stands in one or the other ordinations (species list or cover
emphasis), but were not strongly associated with gradients in richness.
Relationships Between Epiphytes and Shrub Community Characteristics
The age distributions and density of shrub stems by life class (Fig. 2.3) were often
correlated with differences in shrub epiphyte communities among stands or stand
types (Tables 2.4, 2.5). Relatively high densities of old stems were associated with
greater richness and cover of lichens in the Cascades, and with greater cover of
bryophytes in the Coast Range. While we noticed differences in epiphyte
communities between shrub species in the field, shrub community composition36
appeared to be relatively less important than stem abundances and life class in
influencing epiphyte communities. Influences of unique substrates may, however,
have been difficult to detect, as most stands had a mixture of thesame dominant shrub
species and we used plot-level data for analyses.
Some of the differences in epiphyte communities between ranges may be linked to
differences in shrub communities across ranges. Cascades stands had older stems,on
average, than Coast Range stands (ave = 22 and 16 yrs respectively), and more
decadent stems (life class 4;p = 0.02 for differences in densities between ranges; Fig.
2.3). Stands with more old stems had more lichen species across all stands (see Rosso
et al., in prep). Differences in shrub communities between ranges were greatest for
young stands, just as differences in shrub epiphyte communities between ranges were
greatest in young stands (Table 2.2). Young stands in the Coast Range were
especially low in declining and decadent stems, while thinned young stands in the
Cascades had exceptionally dense young whips and upright mature stems. These
shrub community differences likely contributed to the different responses to thinning
in the two ranges.
Differences between the ranges in the strength of block effects and stand-type
effects may also be tied, in part, to shrub community characteristics. In tests of stand
groupings using environmental variables (MRPP, Table 2.6), blocks in both the Coast
Range and Cascades differed in site characteristics (e.g., latitude and longitude, slope,
aspect, precipitation, etc.), but not stand structural characteristics (e.g. BA, % of BA in
conifers, canopy density, etc.); these results are expected given the study design. The
greater block effect on epiphyte communities in the Cascades relative to the Coast37
Table 2.6. Results from tests of differences in environmental variablesamong blocks
and stand types using Multi-Response Permutation Procedures (MRPP).
Environmental variables are listed by type in Table 2.1. Values are chance-
corrected within group agreement (A); significance differences amonggroups are
indicated by asterisks:***= p <0.001;**= p <0.05;
'p <0.10.
Environmental Variable Group:
SITE STAND SHRUB
Coast Range
Blocks 0.187***-0.125 0.033
Stand types -0.008 0.303*** 0.118***
Cascades
Blocks 0.31 3***-0.073 0.060*
Stand types -0.016 0.211 0.050**
Range sites may be attributable to better-matched sites within blocks or greater
differences among blocks in the Cascades. Stands also grouped more tightly by block
in shrub characteristics in the Cascades than in the Coast Range. Thus, shrub
community characteristics may have contributed to block effects as well.
In both ranges, shrub communities differed among stand types (Table 2.6) and this
variation likely contributed to the differences in epiphyte communities among stand
types. There were greater differences in shrub communities among stand types in the
Coast Range than in the Cascades, just as there were greater differences in shrub
epiphyte communities among stand types in the Coast Range. However, stand
characteristics may also have contributed to stronger differences in the epiphyte
communities among stand types in the Coast Range, as stands grouped more tightly by
stand characteristics in the Coast Range than in the Cascades.
Key Factors Affecting Shrub Epiphyte Communities
To unify results from all stands into a common framework that transcended
treatment type and range, we explored the relationships between epiphyte community38
characteristics and key environmental variables using multiple linear regression (SPSS
1998). Lichen richness and bryophyte cover were two characteristics that effectively
differentiated shrub epiphyte communities across stands. We sought to define theseas
a function of tree, shrub, and site variables. To express shrub community dynamics we
used two variables: shrub abundance (across all life classes) and shrub maturity
(average life class). There were derived from PCA of shrub life class distributions
(see methods).
Across all stands, more than half of the variation in lichen richness could be
explained by a linear equation that included elevation, shrub abundance, and
precipitation (total adjusted r2= 0.58). Lichen richness was most strongly and
positively associated with gradients in elevation, or variables correlated with elevation
(adjustedr20.26), secondarily to shrub abundance (additional r2= 0.16), and thirdly
and negatively with precipitation (additional r2= 0.16). Factors that were correlated
with elevation and may have contributed to that component included shrub maturity,
and tree BA, both of which increased with elevation, and range effects (mean
elevation differed between ranges). The relationship between richness and stem
abundances was not strictly linear and suggested a saturation effect with respect to
shrub density. In contrast, a large percent of the variation in bryophyte cover could
apparently be explained by shrub stem abundance alone (adjusted r2= 0.46). Shrub
community maturity and percent of BA inTsuga heterophyllacontributed modestly to
the equation explaining bryophyte cover (additional r2=0.045 and 0.033 respectively;
total adjusted r2= 0.53). Results from ordinations and our observations suggested that39
the correlation between bryophyte cover and stem abundancewas driven mainly by
increases in the abundance of older stems.
Sampling Methods Comparisons
Each of the two sampling methods emphasized some aspect of the communities,
usually at the expense of others (Table 2.7). As expected, the strength of the ocular
Table 2.7. Summary of methods and resulting data emphasis.
Emphasis: SPECIES LIST COVER
Sampling method: Ocular Microplots
Data
source
abundance measures
Influence of dominant spp
Influence of lichens vs bryophytes
a
% of richness in lichens (aye)
% of abundance in lichens (ave)b
Species capture efficiency
% of our species lists detected:
lichens
(ave)c
whole plot 20 stems/plot
4 abund. classes cover classes X stem abund.
moderate high
44.5 36.1
38.2 8.1
100 38.9
bryophytes (ave)c 100 33.7
acalcuations based on richness/abundance detected only by method beingexamined
babundance= the sum of abundance codes for ocular data, total cover for microplot data
C%of total recorded from both methods
method was species capture (number of species documented per plot), but its
sensitivity to abundance differences was limited to four abundance classes. In
contrast, the microplot method detected up to 1000-fold differences in cover of various
species when data were weighted by stem abundances (100-fold differences when
unweighted).
The microplot-based methods placed more emphasis on bryophytes than lichens,
whereas the ocular method detected a more equal balance between the two groups, asjudged by the percentage of richness and total abundance comprised by lichens (Table
2.7). Microplots emphasized bryophytes for two reasons. First, cover classes favored
high abundance ratings for bryophytes, since their growth forms tend tocover more
stem surface area than lichens. Second, the microplots were located on the part of the
stem that is more often covered with bryophyte mats than lichens (Ruchty et al.
submitted).
DISCUSSION
Our primary question was whether traditional thinning might increase similarity of
shrub epiphyte communities between young stands and old growth. Toassess
potential effects of thinning, we also needed to understand how communitiesvary
across regions and environmental gradients. In our study sites, differences in shrub
epiphyte communities among stands were strongly associated with shrub community
characteristics, as well as site and stand characteristics. Both lichen and bryophyte
communities tended to be rich in stands with relatively abundant older shrub stems.
Lichen richness and bryophyte cover were both positively associated with abundance
of shrubs across all stands, with some additional amount of variation associated with
shrub community maturity. However, lichen and bryophyte communities did not
necessarily respond similarly to other environmental variables or to thinning.
Although our analyses divided the epiphytes between lichens and bryophytes, a
single division between these two groups is highly simplistic. Some lichens,
particularly cyanolichens, tended to co-vary more with the dominant bryophytes than
with other lichens. Conversely, some bryophytes, such asOrthotrichumspp., tended
to co-vary with some of the more common lichen species (Rosso et al., in prep).41
The common lichen species, as well as the lichen communities in general,were
predominantly alectorioid and "other" lichens; these groups may prefermore open and
dryer areas, thus the negative correlation between distance to water and lichen richness
in the Coast Range. Distance to water was highly correlated with differences in shrub
epiphytes among stands in the Cascades as well, but was apparently tied to
compositional differences only and was not the main factor driving the gradient in
lichen richness. Over all stands, lichen richness appeared to be most strongly
correlated with elevation; this correlation may reflect a true effect, the result of
differences in management practices with elevation, a result of other environmental
variables that co-varied with elevation, or a combination of the above.
Relationship of Epiphyte Communities to Thinning
Apparent effects of thinning differed between the two mountain ranges as well as
between lichens and bryophytes. Relationships between epiphyte communities and
effects of thinning were also tied, in part, to apparent effects of thinning on shrubs.
In the Coast Range, thinning appeared to enhance lichen richness on shrubs, and
increase similarly between lichen communities in young and old-growth stands.
Communities in Coast Range thinned stands were far more variable stand-to-stand
than those in unthinned stands, suggesting that effects of thinning differed from site to
site. Thinning was generally associated with higher richness and abundance of
alectorioid and other lichens, but not cyanolichens. Although cyanolichens are often
associated with hardwoods (Peterson & McCune, submitted; Sillett & Neitlich 1996),
other lichens and alectorioid lichens tend to colonize young stands sooner than
cyanolichens (McCune 1993). Alectorioid and other lichens have a reputation for42
being more "sun loving" than cyanolichens, and thusmay be more responsive to
changes in canopy density. Although lichen richness and abundance gradientswere
not strongly correlated with canopy densities in our results, current canopy densities
may not reflect historical differences between stands.
In contrast to lichens, bryophyte communities in the Coast Range appeared to be
negatively affected by thinning. Despite similar richness betweenyoung stand types,
bryophyte communities in unthinned stands were more similar to those in old-growth
stands than communities in thinned stands were to old growth. Thinningwas
associated with a decrease in cover per stem and per stand of Isothecium myosuroides
and Antitrichia curtipendula, dominant species in the large mats characteristic of
Pacific Northwest forests. Although these species occurred frequently in all stand
types, Isothecium myosuroides was an indicator of old-growth shrub epiphyte
communities in our Coast Range study sites due to its greater abundance in old-growth
stands (Rosso et al., in prep). Lower cover of epiphytic bryophytes in Coast Range
thinned stands was associated with lower densities of older shrub stems relative to
other stand types. Development of large epiphytic bryophyte mats in the understory
thus appears to depend, in part, on continuity of substrates, which may have been
negatively impacted by traditional thinning methods in our Coast Range sites. If
traditional thinning leads to decreases in bryophyte cover, habitat and nesting material
for other organisms and hydrologic buffering will decrease as well.
In the Cascades, by contrast, thinning did not appear to have adverse effects on
bryophyte communities. Thinning here was also not associated with low densities of
older shrub stems. In further contrast to the Coast Range results, lichen richness was3]
no greater in thinned stands than in unthinned stands in the Cascades. There were rich
lichen communities in both thinned and unthinned Cascade stands, includingan
abundance of cyanolichens. Thinning may have had less effect on shrub epiphytes in
the Cascades than in the Coast Range because the communities in young Cascades
stands were already well developed before thinning and thinning did notappear to
impact the older shrubs or their epiphytes. The advanced age of the shrub stems in
some Cascades plots and the relatively rich shrub epiphyte communities suggest that,
in some cases, shrubs may have served as reservoirs of lichens during the initial
harvest.
As originally hypothesized, the effects of thinning were more pronounced for
lichens on shrubs than for the lichen community as a whole, at least in the Coast
Range. Surveys of epiphytic macrolichens on all substrates, conducted in thesame
stands, found only slightly greater abundances of alectorioid lichens and one "other"
lichen (Hypogymnia imshaugii) in thinned stands relative to unthinned stands
(Peterson & McCune, submitted). As for lichen communities on shrubs, the overall
lichen communities were strongly influenced by site characteristics, and to a lesser
extent by stand characteristics. There was also greater ricimess of epiphytic lichens on
shrubs and across all substrates in the Cascades then in the Coast Range (see also
Rosso et al., in prep). Unfortunately, the relative contributions of shrub epiphytes to
total lichen community richness and abundance could not be addressed directly with
this study as it is not know which species occurred solely on hardwoods.44
Methods Evaluation
Sampling shrub epiphytes was challenging due to the uneven distribution of shrub
stems within stands, and the sporadic distribution of shrubs across the landscape. Our
large plots allowed us to capture a representation of the stem types present within each
stand. However, it was important to include a large percent of the plotarea in the
subplots used for stem counts to get reasonably good estimates of stem densities.
Our comparison of multiple aspects of shrub epiphyte communitieswas necessary
to reveal the complexity of relationships to management histories and site
characteristics. For example, looking only at species richness without considering
community composition or species abundances would have led to erroneous
conclusions regarding the effects of thinning, as the negative effects of thinningon
bryophyte communities would not have been detected. The use of more than one
sampling method also gave far more insight than would have been gained byany one
method alone. Although analyses were sometimes redundant between the two data
sets (species list and cover emphases), differences were sometimes detected in only
one type of data.
Using more than one sampling method added considerably to time expenditure per
plot, but was more effective than attempting to adjust one method for all purposes.
Ocular surveys are good for detecting broad community trends, but more precise
distinctions in abundance would have been difficult to document efficiently and
accurately with this method. Likewise, it would have been inefficient to increase
species capture by increasing effort in microplot sampling, as many species are
sporadic and occupy unique habitats. However, choice of method should depend on45
questions being asked and the type of species being surveyed. Assessing number of
individuals may be more appropriate for lichen sampling than for bryophytes, while
cover estimates may be better for detecting differences in bryophyte communities,
particularly the dominant mat-forming species.
Implications for Management
Our results suggest that thinning can enhance lichen richness and abundanceon
shrubs and increase similarity in shrub epiphyte communities betweenyoung stands
and old growth in some stands. However, damage to shrubs during thinning should be
minimized to prevent negative effects on species associated with older shrub stems,
such as the mat-forming bryophytes.
While thinning often increases the density of shrub stems (O'Dea et al. 1995),
traditional commercial thinning procedures can also be associated with a decrease in
the abundance of older stems. Loss of older stems during thinning could affect
epiphyte communities by reducing the frequency and cover of species such as mat-
forming bryophytes, which require substrate continuity for best development. Ifsome
shrubs are protected during thinning, particularly older shrubs with well developed
epiphytes, then components of the epiphyte communities that need time to develop
could be maintained while those that respond to the opening of the canopy, such as
some lichens, could be enhanced. However, effects of thinning on epiphytes are likely
to depend on stand conditions prior to thinning. For example, in young stands with
abundant shrub epiphytes, there may be no increase in lichen richness or cover with
traditional thinning; our Cascades range results suggest that thinning could potentially
decrease similarity in lichen cover between young and old stands in these situations.Even in sites where thinning should increase lichen richness, thinningmay not
increase frequency or cover of old-growth associates. While shrubs and other
hardwoods may be the initial colonization point for old-growth-associated
cyanolichens (Neitlich & McCune 1997), establishment of some old-growth
associates, including some cyanolichens, may be limited more by dispersal than by the
environmental conditions in young stands (Peck & McCune 1997; Sillett et al. 2000;
Sillett & McCune 1998). Thinning may improve environmental conditions for these
species, but thinning alone would not necessarily lead to colonization of these
dispersal-limited species in young stands. However, shrubs and other hardwoods that
are already colonized may act as reservoirs for cyanolichens and other old-growth-
associated species if they are left during harvest or thinning. Thus, hardwoods could
be both the initial point of colonization and a propagule source for recolonization of
old-growth associates after harvest.
In forests managed for timber production, hardwoods have traditionally been
thought of as competition for the preferred softwood crop, and are sometimes
intentionally eliminated. During commercial thinning, shrubs can also be damaged by
falling trees and branches, or by skidding of trees. Stems that are pinned to the ground
by debris may resprout, contributing to an increase in young stems after thinning, but
the older stems and their associated epiphytes are then lost. We do not know why
older stems appeared to be retained through thinning in our Cascades, but not Coast
Range sites. However, retaining shrubs in the understory and protecting a portion of
the older stems during thinning is in keeping with recent trends towards ecosystem47
management (Spies & Franklin 1992). Protecting shrubs may also maintain or
enhance diversity of other organisms, including birds and insects (Hagar et al. 1996).
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ABSTRACT
Within young forests of western Oregon, areas withan abundance of shrubs and
other hardwoods can be hotspots of epiphytic lichen diversity. In this study,we
extended the search for hotspots of epiphyte diversity to the landscape. We asked
whether, on the landscape-level, the diversity of epiphyteson shrubs is concentrated in
areas associated with specific stand structural features or landscape positions. We
compared shrub epiphyte communities in putative hotspots of overall epiphytic
macrolichen diversity with communities in young unthinned,young thinned, and old
growth stands. Study sites included 9 blocks of stands in the Coast Range and 8
blocks in the Cascade Range of western Oregon. Landscape-level hotspotswere
predominantly riparian areas, but also included rocky outcrops, hardwoodgaps and a
gap created by a road. Shrub epiphyte communities varied among stand types as well
as across mountain ranges. Hotspots for overall epiphytic macrolichens were typically
also diversity hotspots for lichens on shrubs, and often for bryophyteson shrubs. A
large number of species were associated primarily with hotspots andmany were
unique to hotspots. Protecting hotspots of diversity should help maintain landscape-
level shrub epiphyte diversity as well as overall epiphyte diversity. Protection of
hotspots will not, however, preclude the need for conservation of other stand types for
maintenance of epiphyte diversity.
INTRODUCTION
Forest management guidelines increasingly emphasize the need for a landscape-
level focus to maintain biodiversity and native communities. To manage effectively at
this scale, we must understand how conmiunities vary at multiple levels, from within50
stands to across regions. While the concept of diversity hotspots has mainly been used
to set conservation priorities over much larger scales (see Reid 1998 for review),
recognizing and protecting localized hotspots of diversity could aid efforts to maintain
biodiversity at the regional level. Identifying landscape-level hotspotsmay be
particularly important for management of lichens and bryophytes,many of which
utilize specific habitats or may be limited in their distributions by dispersal ability
(Sillett & McCune 1998; Sillett et al. 2000).
In conifer-dominated forests of the U.S. Pacific Northwest (PNW),young stands
generally have different epiphyte communities than old-growth stands, includinga
lower diversity of certain groups of lichens (Lesica et al. 1991; McCune 1993;
Neitlich 1993). However, within young stands, there can be hotspots that have higher
lichen diversity than the surrounding forest matrix in the same stands. Structural
features associated with these hotspots include hardwood-rich areas incanopy
openings (hardwood gaps) and remnant trees. Hardwood gaps can be particularly rich
in nitrogen-fixing cyanolichens (Neitlich & McCune 1997), many of which are
considered old-growth associates (USDA&USDI 1993 & 1994). Hardwoods are also
important to lichen diversity within conifer-dominated forests of Sweden and Finland
(Esseen et al. 1992; Kuusinen 1 994a&b).
Differences between the epiphyte communities of hardwoods and conifers have
long been recognized (e.g. Barkman 1958). Shrubs and other hardwoods may be more
readily colonized by some kinds of lichens than are conifers due to bark texture and
chemistry (Barkman 1958; Kuusinen 1994a&b; Sillett & Neitlich 1996). In addition,
the deciduous leaves of hardwoods may promote lichen growth in some climatic zones51
by allowing more sunlight to penetrate during seasons when epiphytesare hydrated
and can photosynthesize. Shrubs also are an important bryophyte substrate in the
understory, and are one of the main substrates sought by "moss" harvesters in the
Pacific Northwest (Peck 1997).
The observed association between hardwoods and species generally associated with
old growth has led to recommendations calling for maintenance of tall shrubs and
other hardwoods in forests managed for conifer production (Neitlich & McCune 1997;
Rosentreter 1995). Yet we know little about how shrub epiphyte communitiesvary
across the landscape. Can we use stand structural features or topographic position to
locate hotspots of epiphyte diversity on the landscape? Are landscape-level hotspots
of overall epiphyte diversity also hotspots of diversity for shrub epiphytes? Ifso, to
what extent are shrub epiphyte species concentrated in these "hotspots"?
To answer these questions, we extended the search for hotspots of epiphyte
diversity from the stand level to the landscape and focused specifically on tall shrubs,
such asAcer circinatumPursh. We compared shrub epiphyte communities in putative
hotspots of macrolichen diversity with those in young managed stands and old growth
in 17 areas of western Oregon. Our surveys included nine blocks of stands in the
Coast Range and eight blocks in the Cascades; overall epiphytic macrolichen
communities were surveyed in the same stands by another researcher (Peterson &
McCune, submitted). We compared shrub epiphyte communities among stand types,
among blocks, and across mountain ranges.
Although our hotspots were chosen for their putative richness of macrolichens, we
surveyed both lichens and bryophytes on shrubs. In forests of the Pacific Northwest,52
epiphytic lichens and bryophytes share some similar distribution patterns relative to
stand age. For example, biomass of both epiphytic bryophytes and epiphytic lichens is
generally higher in older stands than in young stands (McCune 1993). Inour study
sites, old-growth stands also tend to have more lichen and bryophyte specieson shrubs
than young stands, but compositional patterns are otherwise divergent (Rosso et al., in
prep). Here we asked whether, on the landscape level, hotspots for the lichen
component of shrub epiphyte diversity are also hotspots for the bryophyte component
in forests of western Oregon.
Knowledge of the extent of overlap among diversity hotspots for different types of
organisms should aid resource planning efforts that seek to conserve biodiversity.
Shrubs are gaining recognition as hotspots of diversity in PNW forests fora number of
organisms in addition to epiphytes, including birds and insects (Hagar et al. 1996;
Hammond & Miller 1998). Thus, shrubs will likely receive increased attention in
forest management. An understanding of how shrub epiphytes vary across the
landscape should also contribute to the effectiveness of management plans designed to
protect or enhance overall epiphyte diversity.
STUDY SITES
As a basis for our comparisons with putative hotspots of diversity, we used 17
previously established study blocks ("triads") located in the Coast and Cascade
Ranges of Oregon. Each block consisted of paired thinned and unthinned young
stands and a nearby old growth stand, to which we added one hotspot. Young stands
were between 50 and 100 yrs old, with thinning occurring 10- 20 yrs previous to
sampling; old growth stands were all > 200 yrs old. Hotspots were within 3 km of the53
young stands, and were chosen primarily for their expected richness of total
macrolichens. For more information on selection of stands and stand characteristics
for the original study blocks, see Bailey and Tappeiner (1999)or Bailey (1996).
The initial triads were all upland sites. Pseudotsuga menziesii (Mirb.) Francowas
the dominant overstory tree in all old-growth stands and all but twoyoung stands, in
which Tsuga heterophylla (Raf.) Sarg. was the main overstory species. Hotspotswere
generally more variable in canopy composition, and often includedmore hardwoods
than the other stand types. Over all stands type, Acer circinatum Pursh,
Rhododendron macrophyllum D. Don, Holodiscus discolor (Pursh) Maxim., and
Corylus cornuta Marsh var. calfornica (A. DC.) Sharp were the mostcommon tall
shrubs. Cornus nuttallii Aud., Chrysolepis chrysophylla (Hook.) Hjelmq.,
Amelanchier alnifolia Nutt., and Oemleria cerasformis (H.&A.) Landonwere also
present in some stands.
Study sites extended over a large portion of western Oregon (Fig. 3.1), with
locations from latitude 43.00 to 4550 N and from longitude 122.10 to 124.1 °W. The
area is characterized by warm dry summers and cool wet winters (Franklin & Dryness
1973). Average annual precipitation in our sites ranged from 47.5 to 127.5 cm (from
maps based on Daly et al. 1994), with higher average precipitation in the Coast Range
than in the Cascades; elevations ranged from 250 to 900 m.54
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Figure 3.1. Map of western Oregon showing location of study blocks.55
METHODS
Hotspot Selection
Methods for finding hotspots of lichen diversity were easily extended from the
stand level to the landscape. In searching for hotspots,we used a combination of air
photos and ground reconnaissance, as did Neitlich and McCune (1997). On air
photos, we looked for key structural features, including: large old trees;uneven or
broken canopies; relatively open areas with some large trees (wolf trees); and variation
in epiphyte substrates, particularly areas with hardwoods. We also considered
topography. On the ground, we checked potential hotspots for species normally
associated with rich communities, primarily cyanolichens suchasLobaria oregana,
and we watched for epiphyte-rich sites while in transit between stands (see also
Peterson and McCune, submitted). In final hotspot selections, preferencewas given to
sites with shrubs over those with no or sparse shrub communities. We also favored
accessible sites, as our time was limited.
An effort was made to include a variety of habitats as hotspots but optionswere
often limited. Our hotspots included riparian areas (11), rocky outcrops (2), hardwood
gaps (3) and a gap created by a road (1). The predominance of riparian hotspots in our
sampling reflects the relative lack of other habitats meeting our search criteria inmany
of our study areas. In contrast, riparian areas were consistently present and were often
relatively undisturbed compared to other areas within the managed forests. Riparian
areas were also often rich in cyanolichens.Sampling
We sampled epiphytes on tall shrubs using a microplot sampling method in
conjunction with a modification of the whole-plot "ocular" method used for sampling
lichen communities in the Forest Health Monitoring (FHM)program (McCune et al.
1997; Tallent-Halsell 1994). Following FHM protocol, one large circular plot (34.7m
radius) was placed in each stand. Within each plot, we surveyed epiphytes foundon
shrub species that are generally taller than 2 m and thatwe considered good substrates,
including those species listed above (see Study Sites). Shrub species excluded from
sampling included Ribes spp., Rosa spp., and Vacciniumspp. All stems less than 2 m
long, regardless of species, were also excluded from oursurveys.
During microplot sampling we estimated cover of each epiphyte species presenton
0.5 m sections of 20 stems per plot. Stems were chosen without preconceived bias
from throughout the plot, and microplots were centered 1.5 m from the base of the
stems (Rosso et al., in prep). Cover was recorded in the following percent classes: <1,
1-5, 5-25, 25-50, 50-75, 75-95, 95-100. When fewer than 20 shrub stemswere present
in a plot, no microplot sampling was done. Eleven stands had fewer than 20 stems in
the plot and were not sampled with microplots, including four unthinned, three
thinned, and one old-growth stand in the Coast Range, and one thinned and two old-
growth stands in the Cascades.
We followed microplot sampling with a time-constrained whole-plot "ocular"
survey. While the microplot method emphasized quantitative accuracy, this whole
plot survey was designed to improve the species list (see Rosso et al., in prep, for
comparison of methods). During an ocular survey, the first author visited as much of57
the plot as possible in 1 hr. and assigned all epiphytes foundon tall shrubs (above 0.5
m from the ground) to one of four abundance classes. Abundance classes were: 1=1-
3 individuals in plot (rare), 2=4-10 individuals in plot (occasional), 3=>10
individuals but present on<50% of the available substrates (common), and 4=50%
of available substrates in the plot host this species (abundant). For bryophyte species
that grew in mats, we defined an "individual" asa patch of approximately 10 cm2. We
ended the survey if more than 10 mm passed without findinga new species and both
halves of the plot had been visited for at least 15 mm. No ocularsurveys were
conducted in two unthinned and one thinned Coast Range stands, andone thinned
Cascades stand, because there were no tall shrubs.
Any epiphytes that we could not identify to species in the fieldwere collected and
identified in the lab. For lichen nomenclature we followed McCune and Geiser
(1997), except for a few groups in which species can be difficult to distinguishor that
would require TLC for separation. Species groups included the Cladonia ochrochlora
group (C. ochrochlora and C. coniocraea), Cladonia chlorophaea group (C.
chlorophaea, C. albonigra, and related species; McCune & Geiser 1997), Usnea
JIlipendula group (McCune & Geiser 1997), Usnea subfloridanagroup (U
subfloridana, U diplotypus, and Usubsterilis), and Usnea lapponica group (U
lapponica and U fulvoreagens). Note that current keys for the genus Usnea (Halonen
et al. 1998) were not available when samples were being identified. Species groups
were treated as a single species in analyses. Nomenclature for mosses, liverworts, and
vascular plants follow Anderson et al. (1990), Stotler and Crandall-Stotler (1977), and
The Jepson Manual (Hickman 1993) respectively.58
As part of our sampling, we also collected informationon the shrubs themselves.
The number of shrub stems in each of four "life classes"was estimated in 20 randomly
selected subplots per plot. Life classes were:young whips, vigorous upright mature
stems, declining stems, and horizontal/decadent stems (life class 1, 2, 3 and 4
respectively); counts were recorded in a log2 geometric series:1 stem, 2-3 stems, 4-7,
8-16, 16-31, etc. For each of the 20 stems per plot used for microplot sampling,we
recorded diameter at 1.5 m and collected a coreor section for aging. Data on shrub
stem densities were used to convert the cover class data collected during microplot
sampling to plot-level cover values (see Analysis, below). Shrub stem densitieswere
also used, along with average diameters and stem ages from each plot, toassess the
relationship between shrub community characteristics and epiphyte communities.
We estimated canopy cover and basal area at five points within each plot (at plot
center and four equally spaced points along the edge of the plot). Basal area was
measured using variable radius plots and BAF 20 (ft2/acre) wedge prisms, and
recorded separately for each tree species and for hardwoods and conifers;canopy
density was estimated using spherical densiometers. Other environmental variables
used in analysis were obtained from maps, calculations, or data collected in thesame
stands by us or other researchers (see Rosso et al., in prep). These variables included:
latitude, longitude, elevation, distance to water (vertical and horizontal) andocean,
distance to nearest ridge, slope, precipitation, aspect (as heat index, after Beers et al.
1994), topographical position, stand age, site index, and characteristics of the shrub
communities.59
Analysis
We used a combination of multivariate and univariate methods to evaluate
differences in shrub epiphyte communities across mountainranges, and among stand
types and blocks within each range. For multivariate analyses, we report results based
on whole-plot ocular data. Results based on cover data derived from microplot
sampling showed similar patterns, but more plots were missing from the microplot
data set and distinctions between stand types or regions were often less pronounced.
For all multivariate analyses, rare species and outlier standswere deleted from the
data sets to reduce "noise" and aid interpretations. Rare specieswere defined as those
present in <5% of the stands. Outliers stands had average compositional dissimilarity
greater than 2.5 standard deviations from the mean; by our criteria, outliers also had to
have obvious qualities that set them apart from other stands anda strong effect on
results if included in analyses. In analyses of the Coast Range data,one thinned stand
with few and only young stems was considered an outlier; in the Cascades, two old
growth stands with less than 20 stems in plots were eliminated as outliers. For
analyses across mountain ranges, only the Coast Range thinned stand was eliminated.
Stands with no tall shrubs and hence no recorded epiphyte species could also not be
included in multivariate analyses.
To test for differences in communities among stand types and across ranges, we used
multi-response permutation procedures (MRPP; McCune & Mefford 1999) with
Sorensen's distance measure. MRPP (Mielke 1984) is a nonparametric method that
tests for differences between groups using multivariate data. For Cascade Range data,
where MRPP indicated strong block effects and stand-level differences were notpronounced, we retested differences between stands using a blocked version of MRPP
(MRBP; McCune & Mefford 1999). MRBP is not compatible with city-block
distance measures and requires a balanced design. Thus, we used Euclidean distance
for blocked analyses, and blocks with unsampled plots were excluded. Itwas not
possible use with MRBP when comparing hotspots to combined stand types due to
uneven group sizes.
For both MRPP and MRBP, each comparison results in ap value for a test of the
hypothesis of no difference between stand types. Note that due to the large number of
comparisons made (61), chance alone would be expected to give threep values < 0.05.
We also report the chance-corrected within-group agreement (A), which isa measure
of relative within-group homogeneity; higher A values indicate tighter groupings, with
a maximum of A = 1, when community compositions are identical within groups.
Unlike p values, A values are independent of sample size.
The association of species with specific stand types or mountain rangeswas
assessed using indicator species analysis (Dufrêne & Legendre 1997). The reported
indicator values represent percent of perfect indication, and are based in a combined
assessment of frequency and abundance. Statistical significance of the indicator
values was tested with a Monte Carlo procedure and 1000 iterations (McCune &
Mefford 1999).
To relate gradients in epiphyte communities to environmental gradients and stand
types, we used non-metric multidimensional scaling (NMS; Kruskal 1964; Mather
1976) with Sørensen's distance measure (McCune & Mefford 1999). The choice of
number of axes used in ordinations was based on cumulative stress reduction and61
interpretability; in all cases two axes accounted for most of the variabilityamong
stands and a third axis provided negligible additional insight. Axeswere rigidly
rotated to aid interpretation.
We used univariate comparisons of various diversitymeasures and epiphyte cover
to further define differences between communities revealed by multivariate analyses.
Diversity measures were calculated from ocular data andcover values were calculated
from microplot data. We defined alpha diversity as richness,or the total number of
species found in a given plot. Gamma, or the landscape-level diversity,was defined as
the total number of species found across all stands. Beta diversity,or between-stand
diversity, was defined as the number of "half changes" basedon multivariate
measures of percent dissimilarity (D) among stands. Half changes were calculated as:
H = log(1-D)/log(O.5), using the average Sorenson's distanceas D. We chose to use a
multivariate measure of beta because we felt it would most accurately capture the
variation in communities across stands. A more widely used univariatemeasure of
beta, gammalalpha (Whittaker 1972), showed mostly similar patterns, but tended to
give relatively high values when the assessment included plots with low alpha
diversity.
For alpha diversity, we tested for differences in total epiphytes (lichen +
bryophyte), bryophytes, lichens, and 3 functional groups of lichens. Lichen functional
groups were as defined by McCune (1993), and included cyanolichens, alectoriod or
"forage" lichens, and "other" lichens. The cyanolichen group includes all nitrogen-
fixing species; forage lichens were defined as all pendulous species that are commonly62
used as food by animals; and "other" refers to the remaining species, primarily the
green algal foliose lichens.
To obtain a measure of total epiphyte cover, we weighted data from microplot
sampling (representing stem-level values) with stem density estimates. For each of the
20 stems sampled, the cover codes for each species present were multiplied by the
density of stems of the same life class and species within that plot. These weighted
data were then aggregated to the plot level by averaging values for each epiphyte
species across all 20 stems. A relative measure of total cover was calculatedas the
sum of the weighted cover codes for all epiphyte species. For specifics on calculation
of stem densities, see Rosso et al. (in prep).
We tested for differences in alpha diversity among groups of stands (e.g. stand
types, Coast versus Cascade Range stands, etc.) with analysis of variance (ANOVA
and blocked ANOVA; SPSS 1998). We analyzed differences in totalcover among
groups using Kruskal-Wallis tests (SPSS 1998) because cover values were highly
skewed. Results from non-parametric analyses of differences between stand types
were considered indicative rather than conclusive as they did not account for block
effects. Due to the large number of comparisons made (60 for richness and 30 for
cover), chance alone would be expected to give three p values < 0.05 for tests of
differences in richness and one p value <0.05 for tests of differences in cover.63
RESULTS & DISCUSSION
Shrub Epiphyte Diversity in Landscape-Level Hotspots
Although hotspots were chosen primarily for their richness of overall epiphytic
macrolichens (all substrates), they were also hotspots for shrub epiphytes. In both the
Coast Range and the Cascades, hotspots were generally both richer (> alpha diversity)
and had greater total cover of shrub epiphytes than other stand types, including old-
growth stands (Table 3.1). Across all stands, mean richness in hotspotswas 66%
greater than the mean of other stand types combined (p <0.001 for all stands,
ANOVA) and epiphyte cover was four times greater in hotspots than in other stand
types (p = 0.01, Kruskal-Wallis). In particular, hotspots had far more cyanolichen and
bryophyte species, on average, than other stand types. Cyanolichen richnesswas, on
average, four times greater in hotspots than in other stand types and bryophyte
richness was 65% greater (p <0.001 for both cyanolichens and bryophytes, ANOVA;
cyanolichen data not shown). In areas where hotspot richness was below average,
richness in other stand types was low as well. In some areas, however, there were
putative hotspots with few shrubs present that were not included in our surveys. Thus,
hotspots for overall lichen diversity are often, but may not necessarily be, hotspots for
shrub epiphytes.
The lichen and total epiphyte (lichen + bryophyte) communities on shrubs were no
more variable (i.e. did not have higher beta diversity) among hotspots than among
other stand types despite inclusion of multiple types of hotspots (Table 3.1).
Variability among bryophyte communities in hotspots was also not notably higherTable 3. 1.Diversity measures and cover for each stand type in each range. For alpha diversity and cover,
numbers in parentheses are standard errors. See methods for calculations. OGold growth; HS = hotspots.
Coast Range
unthin.thinned OG HS II stands
Cascades
unthinthinned OG HS II stands
Alpha (ave richness/stand)
lichens 2.8 8.2 12.6 16.2 9.9 23.6 22.1 19.4 33.6 24.7
(S.E) (1.0) (2.6) (3.7) (3.5) (1.6) (4.8) (4.6) (3.9) (3.1) (2.2)
bryophytes 8.6 7.2 13.6 16.4 11.4 11.9 11.3 11.5 18.0 13.2
(S.E) (1.8) (1.8) (1.0) (1.8) (1.0) (1.0) (1.7) (2.1) (1.5) (0.9)
combined 11.3 15.4 26.1 32.7 21.4 35.5 33.4 30.9 51.6 37.8
(S.E) (2.5) (3.8) (3.9) (4.0) (2.2) (5.0) (5.8) (5.0) (2.5) (2.7)
Beta (half-changes)
lichens 2.68 2.26 2.02 1.95 2.56 1.27 0.88 1.07 1.04 1.16
bryophytes 0.63 0.72 0.71 0.73 0.76 0.50 0.34 0.61 0.62 0.64
combined 0.80 1.25 1.09 1.11 1.15 0.89 0.65 0.86 0.86 0.91
Gamma (total richness)
lichens 18 35 47 53 74 61 52 50 80 86
bryophytes 20 22 28 34 42 23 20 32 41 41
combined 38 57 75 87 116 84 72 82 121 127
Cover (sum of abundanceclasses)
lichens <0.00 0.57 2.51 5.52 2.15 2.10 2.22 1.40 12.27 4.50
(S.E) (0.00) (0.29) (1.21) (4.21) (1.11) (1.05) (1.08) (0.55) (6.03) (1.69)
bryophytes 11.90 8.26 14.67 45.81 20.16 7.73 8.40 14.23 37.27 16.91
(S.E) (8.73) (7.40) (4.44)(20.55) (6.26) (2.47) (3.12) (5.48)(13.98) (4.28)
combined 11.91 8.84 17.18 51.32 22.31 9.83 10.62 15.63 49.54 21.41
(SE) (8.73) (7.50) (4.68)(21.68) (6.63) (2.75) (3.91) (5.65)(18.99) (5.67)65
than for other stand types. This lack of distinction in beta diversity attests to the
high variability in shrub epiphyte communities among all of the forest stand types.
Bryophyte versus Lichen Diversity
Lichen and biyophyte ricimess did not necessarily covaryacross the landscape.
While stands rich in lichens were also often rich in bryophytes (Pearson's correlation
(r) = .40, p = 0.00 1), gradients in bryophyte and lichen richnesswere essentially
independent in ordinations of both the Coast Range and Cascades data (Fig. 3.2,
Tables 3.2, 3.3). Hotspots had both more lichen and more bryophyte specieson
average than other stand types (Table 3.1). However, whether a particular hotspot was
rich in shrub bryophytes relative to surrounding forests depended in parton type of
hotspot.
Riparian hotspots generally had more bryophytes as well as lichens than
surrounding forests. Presumably the relatively high humidity in the riparianarea
hotspots was conducive to bryophyte reproduction and growth. The high bryophyte
cover in hotspots may have also been partly linked to shrub community characteristics
(see also "Shrub Epiphyte Communities" below). Hotspots had more and older (life
class 3&4) shrubs than other stands (p =0.05and p <0.001 for total and older stems
respectively). Old shrub stems are more frequently covered with large bryophyte mats
than are young stems, and they more often harbor cyanolichens (Ruchty et al.,
submitted). But some hotspots did not have rich and abundant bryophytes, even when
shrub density was high. Rocky outcrops in particular tended to be low in bryophyte
richness and cover, presumably due to their relative dryness. Even where bryophyte
richness and cover were relatively high in hotspots, other areas may have had richerC4
Cl)
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Figure 3.2. NMS ordination of Coast Range and Cascades data,showing distribution of stand types. Ordinationswere
rotated to show separation of hotspots from other standtypes along the first axis. Inserts show vectors for richness
variables strongi associated with the distribution of stands inspecies-space. Correlation coefficients for variablesand
species strongly associated with stand distributionsare listed in Table 3.2 (Coast Range) and Table 3.3 (Cascades).
Letters label unusual hotspots (see text).Table 3.2. Correlation coefficients (Pearson's r) for variables strongly associated
with separation of stands in NMS ordination of Coast Range study sites. Only
environmental, richness and cover variables with ri > 0.5, and species with
Ir > 0.6 for for one or the other axis, or variables with comparable vector
length are shown; strongest correlations are in bold.
Axis I Axis2
%variation explained: 0.332 0.459
Richness and cover variables
total richness 0.858 0.526
bryophyte richness 0.782 -0.076
lichen richness 0.685 0.687
forage lichen richness 0.372 0.759
'other lichen richness 0.541 0.779
cyanolichen richness 0.710 0.055
Environmental variables
overall epiphytic lichen richness 0.574 0.274
hardwood cover 0.631 0.136
distance to water (horizontal) 0.127 0.560
density of decadent (LC4) stems 0.663 -0.044
Species
Cetraria chlorophylla 0.293 0.630
Hypogymnia enteromorpha 0.424 0.657
Hypogymnia inactiva 0.327 0.833
Nephroma Iaevigatum 0.637 0.128
Parmelia sulcata 0.435 0.865
Platismatia glauca 0.381 0.746
Platismatia herrei 0.392 0.755
Platismatia stenophylla 0.152 0.724
Ramalina farinacea 0.449 0.626
Usnea fiipendula 0.353 0.658
Usnea wirthii 0.358 0.642
Homalothecium nuttallii 0.756 -0.069
Porella navicularis 0.636 0.381
Radula complanata 0.714 0.024
Ulota megalospora 0.048 0.64968
Table 3.3. Correlation coefficients (Pearson's r) for variables strongly associated
with separation of stands in NMS ordination of Cascade Range study sites. Only
environmental, richness, and cover variables with rI >0.5, and species with
Ir > 0.6 for for one or the other axis, or variables with comparable vector
length are shown; strongest correlations are in bold.
Axis I Axis2
%variation explained: 0.422 0.435
Richness and cover
total richness 0.610 0.667
bryophyte richness 0.635 -0.228
lichen richness 0.432 0.831
forage lichen richness 0.145 0.555
other' lichen richness 0.055 0.827
cyanolichen richness 0.763 0.420
total cover 0.681 -0.029
bryophyte cover 0.699 -0.098
lichen cover 0.512 0.150
Environmental variables
overall epiphytic lichen richness 0.521 0.556
%of BA in hardwoods vs conifers 0.575 0.013
hardwood cover 0.498 0.174
elevation -0.481 0.674
density of shrub stems (total) 0.530 0.299
density of mature (LC2) stems 0.516 0.253
density of declining (LC3) stems 0.718 0.218
Species
Cetraria chlorophylla -0.127 0.635
Cetraria orbata -0.128 0.825
Cladonia fimbriata 0.695 0.078
Cladonia ochrochlora 0.607 0.080
Hypogymnia apinnata 0.054 0.708
Hypogymnia enterornorpha -0.310 0.648
Hypogymnia inactiva 0.327 0.833
Leptogiurn polycarpurn 0.750 0.050
Lobariapulmonaria 0.561 0.569
Melanelia fuliginosa 0.080 0.642
Nephrorna helveticum 0.662 0.240
Nephrorna Iaeviga turn 0.733 0.345
Nephrornaresupinatum 0.740 0.162
Normandina pulchella 0.773 0.048
Parrnelia saxatiis -0.080 0.645
Peltigera co//ma 0.766 0.271
Platismatia herrei -0.028 0.730
Platismatia stenophylla -0.080 0.753
Pseudocyphel/aria anomala 0.579 0.508
Pseudocyphellaria anthraspis 0.640 0.357
Rarnalina farinacea 0.048 0.600Table 3.3 continued
Species (continued) Axis 1 Axis 2
Sphaerophorus globosus 0.040 0.616
Usneafilipendula -0.055 0.604
Dicranum howe/Ill 0.669 -0.251
Isothecium myosuroides 0.304 -0.706
Leucolepsis acanthoneuron 0.614 -0.249
bryophyte communities on shrubs, as our hotspots were chosen based on lichen
communities.
Overall, beta diversity was much lower for bryophytes than for lichens (Table 3.1).
A fairly consistent group of bryophytes was present on shrubs in most stands, and
gamma diversity of bryophytes was generally lower than that of lichens. While
bryophytes on shrubs can be very abundant and thus important ecologically, a high
proportion of the bryophyte richness and variation may be associated with other
substrates, such as large woody debris (e.g. Jonsson 1997; Rambo & Muir 1998a).
Differences in beta diversity between lichens and bryophytes on shrubs were
greatest in the Coast Range (Table 3.1) where lichen richness was highly variable and
often low. Thinning appeared to decrease lichen beta diversity in young stands of both
ranges, but apparent effects of management on bryophyte beta diversity were
inconsistent between ranges. In the Coast Range sites, thinning was associated with
increased variation among bryophyte communities; in the Cascades, thinning appeared
to decrease bryophyte, as well as lichen beta diversity. Lichen and bryophyte
communities in these stands may be responding to different environmental variables
(Rosso et al., in prep).70
Some lichens behave more like bryophytes than others, and vice-versa. For
example, richness of cyanolichens correlated more with richness of bryophytes than
with other lichens (Fig. 3.2; Tables 3.2, 3.3). Conversely, the abundance ofsome
bryophytes, such as Ulota megalospora, co-varied withsome of the common lichen
species (Table 3.2). We did not formally separate bryophytes into functionalor
morphological groups, but would likely have seen variationamong such groups, as we
did for lichens. Because morphological groups of bryophytes differ in theirpatterns of
colonization relative to shrub stem age and locationon the stems (Ruchty et al.,
submitted), they surely vary in their responses to environmental variablesas well.
Shrub Epiphyte Communities- Differences Among Stand Types
Shrub epiphyte communities differed among stand typesas well as among blocks
and across mountain ranges (MRPP; Table 3.4; Rosso et al., in prep). Some of the
greatest differences were between hotspots and other stand types. Of the 142
macroepiphyte species that we documented from tall shrubs, 18 lichens and 7
bryophytes were unique to hotspots, including 16 of the 20 single speciesoccurrences
(see Table 3.5). Other stand types had few or no unique species. The long list of
species associated primarily with hotspots (Table 3.6) is further evidence of the
distinctiveness of these communities relative to those found in surrounding forests.
Shrub epiphyte communities differed more strongly across ranges thanamong
stand types (MRPP, Table 3.4). Thus, we compared communitiesamong stand types
and blocks within each of the ranges separately. An analysis of differencesacross
ranges provides additional insight into how shrub communities vary across the study
region (see below).Table 3.4. Results of comparisons among communities using Multi-Response Permutation Procedures
(MIRPP). Values are the chance-corrected within-group agreement (A), statistical significance is
indicated by asterisks (* = 0.05 <p <0.10; 0.001 <p <0.05; p <0.001). Results of blocked
tests (MIRBP) are in italics and include 6 of 8 blocks (see methods). HShotspots; OG = old growth,
Yg = young stands, other = OG + Yg.
Regional ComparisonsStand TypeComparisons
Ranges Blocks All types HS vsother1HS vs OGHS vsYg1OG vsYg1
All Stands
lichens 0 061 *** 0 093*** 0 037*** 0 027*** 0 048*** 0 029** 0 009*
bryophytes 0 043*** 0 1 57*** 0 047*** 0 042*** 0 037** 0 060*** 0 011
*
total 0.081* 0.156*** 0.038** 0.035*** 0.047*** o.044*** 0.007
Coast Range
lichens -0.012 0.071*** O.028** 0.066** 0.025** 0.038**
bryophytes 0.127*** 0.051** 0.039** 0.035** 0.063** 0.023*
total 0.054** 0.065*** 0.040*** O.048** 0.062*** 0.030**
Cascades
lichens 0.105** 0.020 0.038** 0.050** QQ39** -0.009
bryophtes 0.115**
total 0.109"
1blocked analysis not possit
o026*
0 045**
o051**
0 024*
0. Q35**
le due to unev
0 104**
0 045** 0 0250 0 062** -0 002
o056*
0 040** 0 040* 0 045** -0 010
0. 089**
n groups
-S72
Table3.5.Species documented from shrubs. Symbols indicate the following:
1 = indicator species for Coast Range; 2 = indicator species for Cascades;3 =
unique to one stand type (a = unthinned, b = thinned, c = old growth, d =
hotspots); # = occurred in one site only.
MACROLICHENS
Alectoria sarmentosa Melaneliamu1tispora3
A lectoria vancouverensis Melanelia subaurfera
Bryoriafriabilis Menegazziaterebrata3"
Bryoriafuscescens Nephroma helveticum2
Bryoria capillaris Nephroma laevigatum
Bryoria mystery sp. Nephromaparile3"
Bryoriapseudofuscescens3 Nephroma resupinatum
Candelaria concolor Nodobryoria oregana
Cczvernularia hultenii Normandina puichella
Cavernularia1ophyrea3 Pannaria sp.
Cetraria chlorophylla2 Parmeliella parvula
Cetraria orbata2 Pannaria leucostictoides3"
Cetraria
pal1idula3(4# Pannaria
mediterranea3dl#
Cetrelia cetrarioides3" Pannaria saubinetii
Cladoniafimbriata Parmelia hygrophila
Cladonia norvegica3# Parmelia pseudosulcata
Cladonia ochrochlora Parmelia saxatilis2
Cladonia transcendens Parmelia sulcata2
Cladonia squamosa3" Parmeliopsis hyperopta
C. squamosa var. subs quamosa Parmotrema chinense3"
Collema
3a# Peltigera collina2
Evernia prunastri2 Peltigeraneckeri3(I#
Esslingeriana idahoensis Peltigera neopolydactyla3"
Hypogymnia apinnata2 Peltigera pacfIca3
Hypogymnia enteromorp ha2 Peltigera praet ext ata
Hypogymnia inactivc? Physcia adscendens
Hypogymnia imshaugii Physcia aipolia2
Hypogymnia occidentalis Physcia tenella2
Hypogymnia physodes2 Platismatia glauca2
Hypogymnia tubulosa2 Platismatia herrei2
Hypotrachyna sinuosa2 Platismatia lacunosa3#
Leptogium corniculatum Platismatia norvegica
Leptogium cyanescens Platismatia stenophylla2
Lepto glum lichenoides3# Pseudocyphellaria anomala2
Leptogium polycarpum Pseudocyphellaria anthraspis2
Leptogium teretiusculum3' Pseudocyphellaria crocata
Lobaria hallii Ramalina dilaceratci!
Lobaria oregana Ramalinafarinacea2
Lobaria pulmonaria2 Ramalina thrausta
Lobaria scrobiculata Sphaerophorus globosus
Melanelia exasperatula Stictafuliginosa
Melaneliafuliginosa2 Sticta limbataTable 3.5 continued
Lichens (continued)
Usnea corn uta
Usneafihipendulagrp2
Usneafuivoreagens2
Usnea giabratc?
Usnea iongissima3#
BRYOPHYTES
Antitrichia curtipenduia2
Bryumcapi1iare3"
Cephaiozieiia divaricata var. scabra
Cephaloziellaturneri3'
Ciaopodium crispfoiium
Dendroalsia abietina
Dicranum fuscescens
Dicranum howe/ui
Dicranum tauricum
Douinia ovata
Eurhynchium oreganum
Frulianiabolanderi2
Fruliania calfornica
Frulianiafranciscana'
Fruilania tamarisci subsp. nisqualiensis'
Homalothecium fuigescens
Homaiothecium nuttaiiii
Hypnum circinale'
Hypnum subimponens
Isothecium cristatum
Isothecium myosuroides
Lescuraea sp.
Lepidozia reptans
Leucoiepisacanthoneuron3
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Usnea scabrata
Usnea subfioridana (grp)
Usnea wirthii
Xanthoria poiycarpa
Metzgeria conjugata
Metaneckera
menziesii3dl#
Neckera dougiasii
Orthotricumconsimiie2
Orthotricumlye/ui2
Orthotricum puicheilum
Orthotricum speciosum
Orthotricumstriatum2
Piagiomnium insigne
Plagiomniumvenustum3'1
Piagiothecium undulatum
Pore/ia cordaeana
Pore/ianavicuiaris2
Pore/ia roe/ui
Pti/idium caifornicum"
Raduia bolanderi
Raduia compianata
Racomitrium
canescens3dl#
Rhizomnium giabrescens
Rhytidiadeiphus ioreus
Rhytidiadeiphus triquetrus
Sanionia uncinatus var.symmetricus3#
Scapania boianderi
Uiota megaiospora
Uiota obtusiusculaTable 3.6. Indicator species for each stand type in each range. Indicator valuesare percent of perfect
indication, with level of statistical significance indicated by asterisks (*p <0.10;**p <0.05;
p <0.01).
LICHENS CoastCascades
(Indicator values)
Hot Spots
Cladonia fimbriata 46.0**
Cladoniaochrochlora 36.8**36.1*
Hypotrachyna sinuosa 30.1*
Leptogium polycarpum 40.1**55.8***
Menegazzia terebrata 333**
Nephroma Iaevigatum 60.6***
Nephroma resupinatum 33 38.8**
Normandina puichellum 40.7**
Peltigera co//ma 32.2*443**
Pseudocyphellaria anomala 38.6*
Pseudocyphellaria anthraspis444**
Stictafuilginosa 29.2*31.5*
Stictalimbata 333**28.1*
Usnea fulvoreagens 443**
Usnea wirthll 36.8**
Xanthoria polycarpa 28.1
*
Old Growth
A/ectoria sarmentosa 333**
Parmelia pseudosulcata 333**
.Sphaerophorus globosus 68.1***
Usnea filipendula grp 4Q5**
Thinned
Usnea corn uta 26.4*
BRYOPHYTES CoastCascades
(Indicator values)
Hot Spots
Claopodium crispifolium 395**28.1*
Dicranum howe/Ill 333**
Fru/ania tamarisci
subsp. nisquallensis 30.8*
Homa/othecium fulgescens45.8***397**
Homalothecium nuttallll 51 .2***48.6***
Hypnum subimponens 38.3**38.6**
Leuco/epis acanthoneuron333**375**
Orthotricum pu/chellum 47
P/a giomnium venustum 444**
Pore/Ia navicu/aris 31.0*
Radula complanata 34.6*
Rhytidiade/phus triquetrus444***
Old Growth
Antitrichia curtipendula 36.3*
Dicranum fuscescens 48.8**
/sothecium myosuroides 28.3**
Scapania bolanderi 333**
Unthinned
Frullania cailfornica 38.6*75
In both the Coast Range and the Cascades, hotspot communities differedfrom those
in both old-growth and young stand types (MRPP; Table 3.4). Lichencommunities
differentiated hotspots from old-growth standsmore strongly than did bryophytes,
while bryophyte communities strongly differentiated hotspots fromyoung stands. For
both lichen and bryophytes, hotspotswere more different from old growth than old
growth was from young stands. The strength of the differencesbetween hotspot and
old-growth communities was surprising given that old-growth associatedlichens,
especially cyanolichens, were part of the initial hotspot search image.
Our results, along with those from analysis of overall epiphytic macrolichen
communities (Peterson and McCune, submitted), suggest thatmany of the
cyanolichens may be more strongly associated with riparianareas than with old
growth in the area of this study. One exceptionis Lobaria ore gana,which can make
up most of the cyanolichen biomass in the canopy of old forests (McCune 1993) and
appears to be strictly an old-growth associate (Peterson & McCune, submitted). Many
other cyanolichens appear to be associated more specifically with hardwoods (Neitlich
& McCune 1997). The prevalence of hardwoods in riparianareas likely contributes to
the abundance and diversity of cyanolichens in riparianareas (Sillett & Neitlich 1996).
Yet our data, based solely on hardwoods, show that some of the association between
riparian areas and cyanolichens depends on more than the availability of hardwoodsas
substrates. Riparian areas may favor cyanolichens due to the humid microclimate
(Sillett & Neitlich 1996). The high richness of cyanolichens inour hardwood gap
hotspots suggests that a relatively open canopy may also foster cyanolichen
establishment or growth on hardwoods. Opening the canopy with traditional thinning,I1
did not, however, increase the richness of cyanolichens on shrubs in the young stands
(Rosso et al., in prep).
Many of our indicator species for hotspots (Table 3.6) may be more specifically
associated with riparian areas, the dominant hotspot type, than with hotspots in
general. Lichens such as Normandina puichellum and Leptogium polycarpum, and
bryophytes such as Orthotricum puichellum and Claopodium crispfolium are most
frequently found in moist habitats (McCune & Goward 1995; Vitt 1973). Some of the
bryophyte indicators of hotspots, including Rhytidiadeiphus triquetrus and Leucolepis
acanthoneuron, are species which are commonly terrestrial or on large woody debris,
but can extend onto tree and shrub bases in moist habitats (Pojar & MacKinnon 1994);
we usually found these terrestrial species and the Cladonia species growing as part of
thick moss mats.
While hotspots had by far the greatest number of indicator species, there were also
several species associated with old-growth stands in the Coast Range (Table 3.6).
These old-growth indicators included the common moss, Isothecium myosuroides.
Isothecium myosuroides is ubiquitous in Coast Range forests, but was more abundant
on shrubs in old-growth stands than in other stand types. Lichen indicators for Coast
Range old-growth stands included Alectoria sarmentosa, which was also an old
growth indicator in the overall epiphytic macrolichen community (Peterson &
McCune, submitted), and Sphaerophorus globosus. Sphaerophorus globosus is
generally not considered an old-growth-associated lichen, but is often abundant on the
trunks of large old-growth trees, and thus may have more readily colonized shrubs in
old-growth stands.77
Two species were weakly associated with Coast Range young stands andno
species were strongly associated with young stand types in the Cascades. Thus, while
areas with an abundance of shrubs can be diversity hotspots within young stands
(Neitlich & McCune 1997), shrubs in young stands do not generally harbor species
that are not also present on shrubs in other stand types.
In ordinations, most hotspots separated from other stand types along gradients of
bryophyte and cyanolichen richness (Fig. 3.2). In the Coast range, the exceptions
were a stand from a species-poor block and a rocky outcrop site, both of which did not
group strongly with the other hotspots (A and B respectively, Fig. 3.2). In the
Cascades, a rocky outcrop site did not group with other hotspots (C, Fig. 3.2). Both
rocky outcrop sites were rich in shrub lichens and placed high along the second
ordination axes, which correlated strongly with richness of forage and "other" lichens
in both mountain ranges. These second axes accounted for as much or more of the
variation among stands as the axes separating hotspots from other stand types (Tables
3.2, 3.3). The rocky outcrops appeared to be dryer than other hotspots and scored
lower along the first axes of the ordinations, which represented bryophyte and
cyanolichen richness.
Although most hotspots separated from other stand types in ordinations,
differences in communities among blocks were sometimes greater than differences
among stand types (Table 3.4). In the Cascades, only hotspots stood out as distinctive
in ordinations; differences in communities among other stand types were slight, and
old growth and young stands did not separate by stand type in the ordination (Fig. 3.2;
see also Rosso et al., in prep). In the Coast Range, differences in communities amongstand types were more comparable in strength to differences among blocks, andsome
separation of old growth and young stands was evident in the ordination. The stronger
differences among blocks in the Cascades relative to the Coast Range appeared to be
due to greater differences in site characteristics (e.g. elevation, distance to water,
latitude, and longitude) among blocks. Furthermore, stand structure (including
overstory basal area, canopy cover, stand age, shrub ages, shrub densities, etc.) were
less variable among stand types in the Cascades than in the Coast Range (see Rosso et
al., in prep).
Both site and stand characteristics were correlated with the major gradients in shrub
communities (Tables 3.2, 3.3). In both ranges and particularly in the Cascades, Axis 1
was strongly correlated with stand characteristics such as percent of basal area (BA) in
hardwoods and amount of canopy cover from hardwoods. Hotspots and increasing
cyanolichen and bryophyte richness were associated with greater hardwood cover.
Hardwoods were sought during hotspot selection, so the correlation between
hardwoods and hotspots was expected. Hotspots and high cyanolichen and bryophyte
richness were also associated with greater densities of mature and older shrub stems;
in the Cascades, epiphyte cover increased with the density of mature stems.
The second axes of the ordinations represented gradients in richness of forage and
"other" lichens. These were correlated with site rather than stand characteristics
(Tables 3.2, 3.3). In the Cascades, richness of forage and other lichens increased with
elevation. In the Coast Range, a similar richness gradient was associated with
increasing distance to water. In the Cascades, distance to water was more strongly
correlated with the first axis than the second (r = -0.481 and 0.114 with axis one and79
two respectively), but this appeared to be driven by the relatively large contribution of
cyanolichens and bryophytes to overall ricimess in a few riparian hotspots.
A similar dichotomy between lichen and bryophyte communities wasseen in
analyses that excluded hotspots (Rosso et al., in prep): bryophytecover was correlated
with abundance of older shrub stems and with stand characteristics; gradients in lichen
richness were correlated with site variables, particularly elevation, and secondarily
with shrub community characteristics.
Shrub Epiphyte Communities Differences Between Regions
Both lichen and bryophyte communities differed between the Coast Range and
Cascades (MRPP, Table 3.4). The Cascades had greater total (lichen + bryophyte) and
lichen gamma diversity than the Coast Range (Table 3.1), although differences
between ranges were less pronounced for old-growth stands than for other stand types.
Differences between ranges in richness per stand (mean alpha diversity) of lichens and
total shrub epiphytes were even more striking than differences in gamma diversity;
Cascades sites were more than twice as rich in lichens on average than Coast range
sites, including greater richness of cyanolichens, alectorioid lichens and "other"
lichens (p <0 .001 for a!! lichens, a!ectorioids, and others; p = 0.006 for cyanolichens,
ANOVA). Lichen cover was also generally greater in the Cascades than in the Coast
Range sites (p = 0.04 for all stands combined, Kruskal-Wallis test; Table 3.1). The
large number of lichen indicator species for the Cascades (27), with no documented
lichen species specifically associated with our Coast Range sites, further reflects these
differences in diversity and composition between ranges (Table 3.5).In contrast with lichens, bryophytes did not differ significantly between ranges in
mean alpha or gamma diversity (p = 0.217 for alpha diversity, ANOVA; Table 3.1).
Bryophyte cover was also similar between the ranges (p = 0.267, Kruskal-Wallis).
Thus, the differences in bryophyte communities between ranges as revealed by MRPP
(Table 3.4) were likely based primarily on differences in community composition
rather than differences in richness or cover. Seven of the 52 species of bryophytes
found showed a strong association with either the Coast or Cascades Ranges (Table
3.5).
Beta diversity, or the variation in species composition among stands, was higher
within the Coast Range than the Cascades (Table 3.1). High variation among stands in
both the numbers and the species of lichens present contributed to the higher turnover
in community composition in the Coast Range. In the Cascades, lichen gamma
diversity was not much higher than in the Coast Range, but more lichen specieswere
consistently present in plots, as reflected in the greater mean lichen richness (alpha
diversity). The more consistent presence of many lichen species in the Cascades
contributed to its lower total shrub epiphyte and lichen beta diversity.
In ordinations with all sites, stands from the two mountain ranges tended to
separate along an axis representing gradients of total species richness and lichen
richness, with Cascade sites towards the higher end of these gradients (Fig. 3.3; Table
3.7). Most hotspots separated from other stand types along a second axis that was
strongly correlated with a gradient in bryophyte richness, with hotspots towards the
high end of this axis (r = 0.761). This second axis accounted for 18% of the variation
among stands, while the first axis accounted for 69%.(N
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Figure 33. NMS ordination of all stands, rotated to maximize separation of mountain ranges along the first
axis.Inserts show vectors for environmental variables strongly correlated with distribution of stands in species
space. Correlation coefficients for individual variables associated with each axis are listed in Table 3.7.
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Table 3.7. Correlation coefficients (Pearson's r) for variables strongly associated with
the separation of stands in NMS ordination of all study sites. Only environmental,
richness, and cover variables with ri > 0.5, and species with ri > 0.6 for oneor
the other axis are shown; strongest correlations are in bold.
Axis 1 Axis 2
% variation explained: 0.686 0.183
Richness and cover variables
total richness 0.746 0.490
bryophyte richness 0.091 0.761
lichen richness 0.824 0.289
forage lichen richness 0.851 0.119
"other" lichen richness 0.737 -0.043
cyanolichen rishness 0.415 0.617
Environmental variables
overall epiphytic lichen richness 0.687 0.380
total BA -0.151 -0.542
hardwood cover 0.254 0.539
elevation 0.558 -0.393
longitude -0.507 -0.114
distance to ocean 0.578 0.112
precipitation -0.515 -0.189
Species
Cetraria chlorophylla 0.657 -0.188
Cladoniafimbriata 0.146 0.609
Hypogymnia apinnata 0.620 0.070
Hypogymnia enteromorpha 0.755 -0.010
Hypogymnia inactiva 0.781 -0.105
Leptogium polycarpon 0.141 0.644
Melanelia fuliginosa 0.654 0.159
Parmelia sulcata 0.867 0.044
Parmelia saxatllis 0.627 0.043
Platismatia glauca 0.829 -0.095
Platismatia stenophylla 0.653 -0.189
Ramalina farinacea 0.784 0.125
Usnea fiipendula 0.759 -0.078
Homalothecium nuttallii 0.100 0.774
Hypnum subimponens -0.023 0.618
Radula complanata 0.188 0.64583
The lichen richness axis correlated most strongly with gradients in relatively
common "other" lichen species (e.g., Hypogymnia enteromorpha, Hypogymnia
inactiva, Parmelia sulcata, and Platismatia glauca) and the common forage lichens
Ramalinafarinacea and UsneajIlipendula grp. (Table 3.7). All of thesewere more
abundant in the Cascades. Despite greater mean richness of cyanolichens in Cascades
sites than in Coast Range sites, cyanolichen richness and individual cyanolichen
species were not strongly correlated with the lichen richness axis (r < 0.5 for
correlations of cyanolichens collectively and individually with Axis 1). Some of the
cyanolichens were indicators of the Cascades due to their greater frequencyor
abundance in the Cascades relative to the Coast Range (Table 3.5), but these
cyanolichens were most frequently associated with hotspots in the Cascades. Thus,
much of the information about communities provided by cyanolichens was probably
loaded onto Axis 2 of the ordination rather than Axis 1.
The lichen richness axis was correlated with a suite of intercorrelated variables:
longitude, distance to the ocean, elevation, precipitation (Table 3.7). The local
geography makes all of these except elevation necessarily correlated. The average
plot elevation was higher in the Cascades than in the Coast Range purely as an
accident of sampling (p < 0.00 1 for difference between ranges). The negative
correlation of precipitation with the lichen richness axis suggested that higher lichen
richness was associated with lower precipitation. Wetter environments could be
associated with greater dominance of bryophytes in the understory (McCune 1993).
However, bryophyte cover did not co-vary with precipitation in our ordinations.84
Differences in shrub epiphyte communities across ranges likely reflecta complex of
responses to multiple environmental gradients.
Some differences in shrub epiphyte communities between ranges may be linked, in
part, to differences in the shrub communities between ranges for the sites studied. For
example, young stands in the Coast Range had lower average shrub stemages (Rosso
et al., in prep), as well as lower shrub epiphyte richness (Table 3.1) than comparable
stands in the Cascades. However, differences in hotspot communities betweenranges
could not be explained by differences in shrub age distributions. Shrub epiphyte alpha
and gamma diversities in hotspots were greater in the Cascades than in Coast Range
(Table 3.1), but density of total and older stems in hotspots were not significantly
different between ranges (p = 0.311 and 0.497 for total and life class 3+4 stem
densities respectively, ANOVA). While shrub stem ages can clearly affect shrub
epiphyte communities, other factors appeared to contribute to between-range
differences in richness of hotspots.
Comparisons with Overall Lichen Communities
Although our study was not designed to assess the importance of shrub epiphytes to
overall epiphyte diversity, some patterns were apparent. Stands rich in shrub
epiphytes were often those that were rich in overall epiphytic macrolichen diversity
(Pearson's r = 0.780,p <0.001, SPSS). As for shrub lichens, gamma and alpha
diversity of the overall lichen community were higher in the Cascades than in the
Coast Range, with a greater abundance of cyanolichens in the Cascades (Peterson &
McCune, submitted). From our field observations, it appeared that shrub epiphytes85
may often contribute substantially to total lichen richness when mature shrubs are
present.
The relationship between overall epiphytic macrolichen richness and richness of
lichens on shrubs was, however, inconsistent. While young stands in the Coast Range
generally had lower alpha diversity of lichens on shrubs than both old growth and
hotspots (Table 3.1), alpha diversity of overall lichen communities did not differ
between old growth and young stands (Peterson & McCune, submitted). Variation in
shrub densities and ages among stands appeared to contribute to these and other
inconsistencies between overall lichen richness and richness of lichenson shrubs.
Although shrubs can be diversity hotspots within young stands and can contribute to
diversity in landscape level hotspots, the relative importance of shrubs to overall
epiphyte diversity clearly varied from stand to stand and between ranges.
IMPLICATIONS FOR MANAGEMENT
Consideration of special habitats in resource planning should help maintain epiphyte
diversity and may be essential to the conservation of many uncommon species.
Protecting a variety of hotspot types should provide the greatest benefits to landscape-
level diversity, as different hotspot types have different communities. Protection of
hotspots does not, however, preclude the need for conservation of other stand types.
Given their unusual community compositions, macrolichen hotspots alone will not
necessarily provide for all epiphyte species or community types. Furthermore, some
forested habitats are more at risk than others. For example, old-growth upland forests
are still being cut, while riparian areas are generally protected (Norse 1990;86
USDA&USDI 1993 & 1994). The value to biodiversity of many unusual habitats,
such as rocky outcrops, is often not recognized in management plans.
Some of our landscape-level hotspots may be hotspots for other organisms, in
addition to lichens. Although each type of organism would benefit most from
identification and protection of their own specific hotspots, identifyingcommon
hotspot types could increase overall benefits when the amount of area designated for
protection is limited. While there may generally be poor overlap among hotspots for
different taxa (Reid 1998), our results and those of others (Rambo & Muir 1 998b)
suggest that protection of some lichen hotspots could aid in conservation of some
bryophytes. Hardwood and shrub-rich areas may be landscape-level hotspots forsome
insects and birds as well. Shrubs can be hotspots within stands for insect diversity
(Hammond & Miller 1998), and birds are also known to be abundant in shrub-dense
areas (Hagar et al. 1996). Thus, identifying and protecting shrub epiphyte hotspots
could benefit multiple types of organisms.
Effective management for epiphyte diversity will require assessment at multiple
spatial scales (Noss 1990) and should consider composition of the communities above
and beyond richness alone. A hotspot in one region may not be particularly rich
relative to stands in other regions, but may nonetheless be important to local diversity.
Furthermore, some habitats with low overall richness could be hotspots for rare
species or species groups. Based on our search for hotspots, a high proportion of
uncommon epiphyte species may be restricted to unique habitats. Thus, defining
hotspots based on the presence of uncommon species or high richness (Reid 1998)
may be an appropriate strategy for epiphytes.87
Maintaining shrub epiphyte communities across the landscape will also require
some protection of older shrubs during tree harvesting, especially in areas with few or
primarily young shrubs. Protecting of a portion of the shrub stems during thinning
may help maintain both the richness and abundance of epiphyte species (Rosso et al.,
in prep).
Conservation of epiphytes may, in general, require a different strategy than for
many other organisms. Maintaining well-distributed populations may be more
important than maximizing the size of reserves foruncommon or dispersal-limited
species. The use of stand structural or topographical features to readily identify
potential hotspots of diversity could prove to be a valuable management tool in these
cases. We now need a better understanding of the frequency and distribution of
special habitats and their associated communities to facilitate theuse of hotspots in
management of epiphyte diversity.
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Chapter 4
Comparing Accumulation Rates of Epiphytic Bryophytes
Among Forests of Different Ages Using Transplants
Abbey L. Rosso, Patricia S. Muir, and Tom R. Rambo
For submission toThe BryologistWe sought a simple and effective transplant method that could be used to measure
biomass accumulation rates of epiphytic bryophytes. Trials were carried out in the
Pseudotsuga menziesii-dominated forests of western Oregon. We tested multiple
transplant methods over a 13 month period while comparing accumulation rates of
Antitrichia curtipendula (Hedw.) Brid. and Isothecium myosuroides Brid.among an
old-growth stand, a young stand, and a recent clearcut. In our study area, Antitrichia is
considered to be an old growth associate while Isothecium is a more ubiquitous
species. Methods tested included containment in net bags, containment in hairnets,
and directly tying mats to substrates. Three sizes of transplants were tested with both
natural and inert artificial substrates. Transplants of approximately 5gm enclosed in
plastic net bags and tied to either natural or artificial substrates worked well forour
purposes. Only minor differences were found in mean accumulation rates between the
old growth and young stand, though variation in accumulation rates was higher in the
old growth. Neither species appeared capable of surviving in the clearcut. Antitrichia
accumulated biomass 60% faster in the canopy than in the understory on average.
Antitrichia also accumulated at a faster rate than Isothecium, with mean 13 mo
biomass increases of 11.8 and 3.7% respectively for 5 gm transplants in the
understory. Our results suggest that Antitrichia's association with old growth may be
due more to dispersal or establishment limitations than to a decreased ability to grow
in young stands.INTRODUCTION
Old-growth forests of western Oregon and Washington are known for their lush
cover of epiphytic bryophytes. Young forests of the region generally have
considerably less bryophyte biomass and different epiphyte communities than old
forests (McCune 1993; Rosso et al. 2000a&b). Possible reasons for these differences
between young and old stands include differences in accumulation rates between stand
types, dispersal limitations, and inability of some species to establish in young stands.
We sought a simple and efficient bryophyte transplant method that would allow us
to test whether differences in accumulation rates contribute to differences in bryophyte
communities between young and old stands. Information on rates of bryophyte
accumulation are also needed for regulation of the moss harvest industry (Peck 1997;
Peck & McCune 1997; Peck & McCune 1998; Vance & Kirkland 1997). By
measuring biomass accumulation, we were assessing the net result of growth and
decomposition; essentially the ability of a species to persist and flourish. Low
accumulation rates in young stands could largely limit some species to older stands.
Old-growth associates that can accumulate in young stands at rates similar to those of
more widely distributed species may be limited in their distributions by other factors.
Transplants have been used successfully to explore reasons for differences in
epiphytic lichen communities between young and old forests, as well as to estimate
growth rates (see McCune et al. 1996, Muir et al. 1997, or Renhorn & Esseen 1995,
for summaries). Experiments incorporating transplants have demonstrated that some
old-growth associates, such as Lobaria ore gana and Usnea longissima, may be limited
more by their ability to disperse into young stands than by their ability to establish and91
grow in young stands (Shirazi et al. 1996; Sillett & McCune 1998; Sillett et al. 2000;
Keon & Muir, unpublished). Results of transplant experiments have also suggested
that some old-growth-associated lichens may be able to acclimate and grow along
forest edges created by timber harvest at rates comparable to more interior sites, while
other species may not (Renhorn et al. 1997; Sillett 1994). Lichen transplants are now
being used to evaluate effects of various silvicultural prescriptions on growth or
survival of lichens (Hazell & Gustafsson 1999; Muir et al. unpublished) and the
effects of different overstory species on lichen growth rates (Ruchty & McCune,
unpublished).
Transplants of intact bryophyte colonies had been used with forest floor species
prior to our interest in using them with epiphytes (Frego & Carleton 1995). However,
transplants of epiphytic species require a more substantial means of support and
attachment than for forest floor species. Methods developed independently from ours
have recently been applied to assess growth or survival of epiphytic bryophytes in
both boreal and tropical forests. In Populus tremula forests of Sweden, transplant
experiments suggested that Antitrichia curtipendula (Hedw.) Brid. could survive on
trees retained during harvest, though "vitality" appeared lower than in uncut forests
and changes in biomass were not measured (Hazell & Oustafsson 1999). In the
tropical montane forests of Costa Rica, transplants were used to estimate growth rates,
net production rates, and nitrogen accumulation rates of multiple bryophyte growth
forms in the canopy (Clark et al. 1998).
Other methods that have been used to measure growth or accumulation of
bryophytes include biomass harvesting and measurements of shoot growth (see Peck92
& McCune 1998, Russell 1988 for reviews; Zechmeister 1995). Inour study region,
regrowth experiments have been beneficial for documenting initial rates of growth
after bryophytes have been harvested (Nadkarni et al. Unpublished; Peck and Muir,
unpublished). Stem age in conjuntion with mat mass have also been used to estimate
accumulation rates (Peck & McCune 1998). Transplants were advantageous forour
study because we could place them in any location, including habitats where the
transplanted species were not currently found, and we could controlmany of the
potentially confounding variables. Transplants could be used toanswer additional
questions about effects of microclimate on accumulation rates and survival, the ability
of bryophytes to acclimate to new conditions, and the effects of various silvicultural
treatments.
We tested several methods for transplanting mat-forming bryophytes while
comparing accumulation rates among an old-growth stand, a young stand, anda recent
clearcut in the western Oregon Cascades. Methods were tested using Antitrichia
curtipendula, an old-growth associate that is often a dominant epiphyte in thecanopy
of very old forests of the region (Sillett 1994; USDA&USDI 1993&1994). We
compared the growth of A. curtipendula in the canopy versus the understory, on
natural versus artificial substrates, and assessed effects of transplant size on
accumulation rates. We also compared accumulation rates of Antitrichia across the
three stand types with those of Isothecium myosuroides Brid., a more ubiquitous
species. Although Isothecium may be more abundant in the understory of old stands
than in young stands (Rosso et al. 2000a), it is not generally considered an old-growth
associate. Because we tested several transplant methods, our sample sizes within eachmethod and stand type are not large, hence results should be considered indicative
rather than definitive. Our goal was to acquire baseline information that could guide
future studies comparing accumulation rates of these and other species across stands
and habitat types, and to select an efficient and reliable method for conducting such
studies.
STUDY SITES
We conducted our trials in the conifer-dominated forests of west-central Oregon.
Old-growth forests of the area generally have lush bryophyte mats in both thecanopy
and the understory. The region is characterized by warm summers and cool, wet
winters (Franklin & Dryness 1973). Average annual precipitation for our study sites is
approximately 180 cm.
Moss was collected from a single old-growth stand (44°05'05" N, 122°14'55" W;
elevation = 700 m) and transplanted to the same old-growth stand, an adjacentyoung
stand (44°05'02" N, 122°14'55" W; elevation = 730 m) and a nearby recent clearcut
(43°59'30" N, 122°10'45" W; elevation = 700 m). Reciprocal transplants from the
young stand to the old-growth stand were not possible due to near lack of moss mats
in the young stand. The old-growth stand bordered a creek, though the creek was
small and transplants were not placed in the immediate riparian zone. The stand was
450-500 yrs old, with Pseudotsuga menziesii (Mirb.) Franco and Tsuga heterophylla
(Raf.) Sarg. as the dominant tree species, and a total basal area of approximately 184
m2/ha. The adjacent young standwas located mid-slope and was approximately 40 yr
of age. It consisted of Pseudotsuga which had been planted after clearcutting, with a
total basal area of approximately 152 m2/ha (see Sillett et al. 2000 for additional siteinformation).Acer circinatumPursh was common in the understory of both the old-
growth and young stands. Trees planted in the clearcut were < 10 yrs of age, andwere
below the height of the racks used to support transplants. Note that stand typeswere
not replicated, hence inferences about accumulation rates as influenced by stand age
and environment cannot be generalized to other areas.
METHODS
Transplant Methods
We measured mat accumulation in transplants over a 13 month period, from early
August, 1996, to early September, 1997. Accumulation rates were defined as the
change in biomass for a given transplant over the entire test period and expressedas a
percent of initial biomass. Weights of air-dried transplants were corrected to oven dry
weights using sacrificial standards (McCune et al. 1996). This correction assured that
differences in humidity at various weighing times did not affect results.
We compared transplant containment methods using specimens of approximately 5
gm of moss (approximate air-dried initial weights). Effects of natural versus inert
substrates, differences among stand types, differences among sites within stands, and
effect of mat sources were tested using transplants of both 5 and 25 gm (approximate
air-dried initial weights). We also monitored survival of individual moss sprigs across
stands and substrates. Comparisons of biomass changes in 5 and 25 gm transplants
and survival of individual sprigs gave information on effects of mat size on
accumulation rates.95
Our primary transplant method utilized a stretchy plastic net bag to contain
bryophyte samples. These net bags are normally used for produce andare readily
available in several colors and sizes from a variety of grocery suppliers. We used
white bags, 30.5 x 38.1 cm (12 x 15 in) for 5 gm transplants and 38.1x 58.4 cm (15 x
23 in) for 25 gm transplants. Net bags containing moss were closed withan overhand
knot and tied to the substrate using monofilament fishing line. As part of the tie-on
procedure, the net bags were stretched around the substrate to help increase the size of
the mesh openings (approximately 7 mm when stretched).
We compared the net bag method with containment in hairnets (approximately 1
cm openings; "Jac-o-net", from Hairnet Corporation of America) and with direct tie-
on of bryophyte mats to substrates (no bag or net). Hairnets appeared to be less
confining than net bags and covered less of the mat, but they also provided less
support. Mats were wrapped several times in the hairnet, allowing extra netting and
the elastic edge to accumulate on the underside of the mat. As with net bags, hairnets
were tied to substrates with monofilament line. For direct tie-on of mats, we used
several wraps of monofilament to hold the mat to the substrate. Individual sprigs of
moss were attached to substrates at their bases with silicone sealant.
Accumulation rates on natural substrates were compared with those on inert,
nonabsorbent PVC pipe. For natural substrates we used existing shrub stems
(understory, almost exclusively Acer circinatum) or 1 m long conifer (P. menzeisii)
branches of approximately 4-6 cm diameter (canopy). The conifer branches were
salvaged from a recent timber harvest located close to the study site; branches werecleaned of any dirt and macroepiphytes prior to use. White PVC pipe (4.2cm in
diameter) was cut to 1 m lengths and drilled with holes to aid in tie-on of transplants.
For placement in the field, we organized transplants into "modules". Each module
contained one of each of the transplant types indicated in Figure 4.1. Number of
modules in each stand type and canopy position are also indicated in Figure 4.1.
Grouping transplants into modules vastly simplified field placements (see below) and
helped insure that environmental variation within stands did not obscure differences
across methods. We did not test all combinations of methods in all stand types, nor
did we test every method on both substrates. This was necessary to control the
amount of moss we needed to process and to minimize our impact on the epiphyte
communities in the collection stand. Reciprocal transplants from the young stand to
the old growth and from the understory to the canopy were not possible due to lack of
moss in the young stands and limited moss in the understory of the old-growth stand.
Moss Collection and Transplant Preparations
Moss mats were processed in two batches. This was necessary due to the large
amount of space needed for preparation; it also helped to minimize time between
collection and placement of transplants. Mats from the understory were processed
first. We collected understory mats from shrubs in the old-growth stand during July,
1996 (12 July 1996 and 20 July 1996). Isothecium and Antitrichia were collected on
separate days and processed together. For the second batch of transplants, Antitrichia
was collected from the crown of one large Pseudotsuga on 1 August 1996 using direct
canopy access (climbing with ropes).4
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Figure 4.1. Modules and treatments within modules. Boxes represent modules, with number of modules in
each stand/canopy position indicated in upper right box corner. Treatments in each module are listed under
substrate by code, defined below.98
During collection, we sought mats that were, as near as possible, composed solely of
the target species. After collection, mats were spread out in a protected location and
allowed to dry slowly to reduce potential stress. Drying generally took onlya few
days, as most mats were only slightly damp when collected. We considered mats to be
dry when they maintained a relatively constant weight.
Once dry, the mats were "cleaned" by removing any loose organic matter from the
underside while leaving the mat as intact as possible. Build up of dead bryophyteson
the underside of mats was also removed, though this was generally necessary only for
the large canopy mats. Conifer needles and other debris lodged in theupper mat
surfaces were gently shaken out or brushed out by hand as well as possible. We also
attempted to remove any non-target moss species. The cleaning left live, apparently
healthy mat material from which we constructed the transplants.
We divided the dry, clean mats by hand into the approximate sizes needed for
transplants (5.0 ± 0.5 gm or 25.0 ± 1.0 gm pieces). Pieces from each mat were
randomly assigned to different transplant method to assure containment method and
substrate effects were not confounded by potential mat origin effects. Transplants
originating from a single original mat were assigned to the same module(s) so that
differences in accumulation rates among transplant methods would not be obscured by
differences due to environmental variation within stands. In some cases, multiple
modules were constructed from a single original mat. For a subset of the mats we also
assigned a 5 gm sample to be a sacrificial standard, for use in correcting to oven dry
weights (n= 6 and 5 for understory Antitrichia and Isothecium respectively; n = 10,
one from each original mat, for Antitrichia from the canopy). Mats assigned to netbag or hairnet treatments were enclosed in preweighed bags and nets, each witha
small plastic identification tag attached. We weighed the assembled transplants
alternately with sacrificial samples; sacrificial standardswere then dried in a 600 C
oven for 24 hrs and weighed again.
Transplants designated for PVC or conifer branches were tied to the substrates in
the lab. Within modules, all transplants on PVC or conifer brancheswere attached to
a single pipe or branch, with widely spaced placements.
Field Placements
Understory modules in the old growth and young stands were placed along two
transect lines per stand. Use of transects aided relocation and helped spread sites
across the stands. Modules were placed along transects in places where there were
multiple shrub stems. PVC pipes were tied across two shrub stems approximately 1.5
m above the ground, and transplants assigned to natural substrates were tied to the
same shrub stems just above the PVC attachment. For each transplant, aspect and
angle relative to the ground were recorded. Modules assigned to the clearcutwere
supported by one of two wood racks, approximately 1.75 m from the ground.
Canopy modules were randomly assigned to one of four trees in each stand (three
Pseudotsuga and one Tsuga in the old growth, four Pseudotsuga in the young stand),
with an equal number of modules in each tree. In the old-growth stand, the modules
were placed in the vertical zone where Antitrichia was most dominant (from 3550 m
above the ground), the exact placements within the zone depended on the locations of
forked tree branches for secure attachments. In the young stand, where no bryophyte
mats were present, we placed modules approximately midway up the trees (8-12 m100
from ground), tying modules across two branches. We accessed treecrowns in the
old-growth stand using direct canopy access; we reached thecrowns in the young
stand by directly climbing tree limbs. For each module, height from ground and
aspect relative to the tree were recorded.
Time between understory mat collection and placement of transplantswas 13 days
for the Isothecium and 6 days for the Antitrichia. Transplants constructed from the
canopy mats were returned to the field 10 days after collection. Sixteen days elapsed
between placement of transplants from understory versus from thecanopy mats (25
July and 10 August 1996 respectively), during which time there wereno unusual or
extreme weather conditions.
A few additional transplants were added to the understory of the old-growth stand
and clearcut in the spring of 1997, after vandalism eliminated all Isothecium and
Antitrichia transplants on PVC in the clearcut. The additional transplants allowedus
to compare short term differences in accumulation rates of moss from the understory
between the old-growth and the clearcut. We added four 5 gm net bag transplants of
each species on PVC to each of the two stands. Transplants were constructedas per
earlier transplants, from mats collected on 1 June 1997 from the understory of the old
growth; they were placed within existing modules and brought in from the field with
the other transplants on in September 1997.
Assessments
At the end of the trial period (5-6 September 1997), we brought all transplants to
the lab where they were allowed to equilibrate for at least two days before being
reweighed. We shook or brushed any needles or other debris from their surfaces101
before weighing. After weighing, we scored each transplant for its apparent overall
health (color) and active shoot growth. Health and growth were each scored ona scale
of 0-3. For health, 0 = brown and dead looking; 1 = yellowish or with dead patches
over> 50% of surface; 2 = some browning or die back; 3 = healthy and green (< 10%
browning). For growth, 0 = no apparent growth; 1 = almost no new shoot growth; 2=
some new shoot growth; 3 = vigorous new shoot growth.
After all assessments were completed and transplants weighed, a portion of the
transplants were dried at 60° C for 24 hrs and reweighed for use as standards.
Analysis
We assessed differences among mats as the percent change in biomass over the
study period. This corrected for within-treatment differences in initial transplant size
and allowed for comparison across 5 and 25 gm mats. We did not adjust to an annual
rate, as bryophyte growth is not constant through the seasons. However, growth
through the summer months is probably minimal, so our 13 mo rates (including one
additional summer month) are likely similar to annual rates. Calculations were as
follows:
% change = (accumulation! initial oven-dry weight) x 100
where
accumulation = final dry weightinitial dry weight
= [(final transplant weight, ambient airbag weight) x conversion factor2]
[(initial transplant weight, ambient airbag weight) x conversion factor 1]
Conversion factors corrected for variation in relative humidity and other differences in
moisture content of air-dried samples at different weighing times. Factors were102
calculated as the average ratio of oven-dry weight to ambient-air weight of sacrificial
standards. Ratios were averaged for each weighing session, as they were comparable
among all standards (i.e. there was no appreciable "drift" in any given weighing day).
Conversion factor 2 was based on standards processed at the end of the trial period and
conversion factor 1 was based on standards from the initial weighing dates.
For comparison of accumulation between treatments repeated across multiple
modules, we used paired t-tests (SPSS 1998) to account for any variationamong
modules. When treatments being compared were not paired within modulesor when
more than two groups were compared at once, we used independent sample t-tests
(SPSS 1998) or analysis of variance (ANOVA; SPSS 1998). Transplants from the
clearcut were excluded from analyses other than comparisons across stand types,as
these transplants appeared to die during the course of our study. Note that logistics
prevented a fully crossed design with a large number of replicates, thus we could not
use ANOVA and account for multiple variables at once. Reported p values should,
therefore, be viewed with some caution, as our multiple pairwise comparisons increase
the risk of type 1 errors.
We detected no consistent differences in accumulation rates among transplants
from different original mats within a given transplant type when transplanted to the
same general location (canopy or understory). In the understory, mat-origin effects
were confounded by potential module location effects: differences we detected among
transplants of similar origin could be attributed to environmental variation among
module locations rather than mat-origin effects, as transplants from a given mat were
grouped within modules to strengthen comparisons among transplant methods.103
However, in the canopy, accumulation rates were less variableamong modules than in
the understory, and we found no differences in accumulation ratesamong transplants
from different original mats. In addition accumulation rates fora given transplant size
and method did not differ among different trees within thesame stand. Thus, we did
not account for source of transplant (other than overstory or understory)or tree effects
in further analyses and the initial potential of all transplants to accumulate biomass
was considered equal.
RESULTS AND DISCUSSION
Methods Evaluation
Transplant methods
Containment in net bags proved to be the most effective transplant method forour
purposes among those tested. Both containment in haimets and directly tying
bryophytes to the substrates failed to consistently keep transplants intact. Hairnet
transplants lost an average of 31% (n=8, old-growth stand) of their biomassover the
test period, and mats directly tied to substrates lost an average of 53% (n=l6, old
growth and young stand combined). In both cases, the amount of losswas highly
variable (SD = 30 and 42% respectively) and was obviously due primarily to loss of
mat. Although animals may have contributed to the losses, in many cases the
transplants seemed to simply not hold together.
Hairnets have been used successfully for assessing growth of terrestrial bryophytes
(Frego & Carleton 1995), but epiphytes apparently needed more support than the
hairnets provide. Netting with similar mesh size has been used to secure transplants of104
Antitrichiato the trunks of trees, with better transplant survival rates than ours (Hazel!
& Gustafsson 1999). However, their transplants were somewhat smaller, their method
of attachment may have provided more support, and they did notmeasure changes in
biomass. Netting of a smaller mesh size then our hairnets was used in transplant
containers for measuring growth of mat epiphytes in a tropical montane forest (Clark
et al. 1998). These containers appeared to be effective overall, though a high
percentage of the transplants were eliminated from analysis due to loss of biomass
during the course of the study. For transplants similar toours, smaller mesh, if
available, would likely improve results and avoid some of the questions raised by the
use of netbags (see below).
In our trials, only net bags consistently maintained the integrity of the transplanted
mats. Because of this, we focus on net bag transplants for all subsequent comparisons
(i.e. size effects, mat source effects, and biomass accumulation estimates). Only two
net bag transplants, both in the same module, were compromised; they were
apparently ripped open by animals and all contents were gone. In both this and
subsequent transplant experiments using net bags (Muir et al., unpublished), individual
moss sprigs appeared to easily grow through the mesh of net bags, suggesting that the
relatively small mesh size did not directly inhibit bryophyte growth. Net bags were
also the easiest transplant method to work with.
Effects of net bags on mat microenvironment remains a concern, however. For
example, differences in ambient conditions among sites may be buffered or nullified
by the net bags or the impact of net bag effects on accumulation rates could vary
depending on ambient conditions. In addition, accumulation rates may not accurately105
represent actual accumulation rates. For comparative studies such as ours, potential
differences with actual rates may not be a significant problem. However, ifmeasures
of actual accumulation are needed, additional testing may be warranted. Effects of
transplant size on accumulation rates should also be considered in future experiments
(see below).
A general concern with our transplants were frequent areas of apparent die-back
and browning. In particular, transplants to the canopy often appeared to be in poor
health relative to natural mats (mean health rating = 1.8 for all canopy transplants and
3 for all initial mats). Declines in health ratings in understory mats appeared to be
related more to specific sites than to a general phenomenon. Mean health ratings of
the understory mats were still lower than the initial mats, (mean health of 5 gm net
bags transplants = 2.3), but within some modules, all transplants maintained a healthy
green appearance (ratings of 3). Relocation to less desirable microsites, as well as
processing, containment, or general disturbance effects could have contributed to
health declines. Stress responses may have been stronger in the canopy, where
environmental conditions of heat, insolation and desiccation may be more extreme
than in the understory. Periods of acclimation of new transplants in favorable
microhabitats may help reduce stress effects associated with processing and
disturbance.
Transplant size effects
The size of transplants strongly affected accumulation rates. Few of the large
(approx. 25 gm) transplants of Antitrichia increased in biomass over the study period106
(Fig. 4.2, canopy only), while most all of the smaller (approx. 5 gm) net bag
transplants ofAntitrichiadid (Fig. 4.2 & 4.3, canopy and understory, excluding the
clearcut). The size effect was consistent across all of thecanopy modules, each of
which contained both a 5 and 25 gm transplant.
We do not know the reason for differences in accumulation rates between the
small and large transplants. As the large transplants appeared to remain intact, there
was likely more decomposition or respiration than growth in the large-sized mats,
leading to a net loss of biomass in most cases. Large matsmay naturally be close to
an equilibrium between growth and decomposition, while small mats may contain
relatively more actively growing sprigs. The large and small transplants had similar
health appearance scores (mean = 1.8 for both sizes, all canopy modules), and small
transplants scored only slightly higher than large transplants on visual assessment of
shoot growth (means of 1.6 and 1.2 respectively,p = 0.11, t-test). Large mats may not
have been able to "fluff up" enough in the net bags, leading to acceleratedmoss death
and decomposition relative to growth. Thus, questions remain about whether growth
or accumulation rates differ among undisturbed mats of different sizes. Measuring
shoot elongation (Russell 1988) in naturally occurring mats could help address the
growth component of this question.
Extremely small amounts of bryophyte may also not be optimal for biomass
accumulation. Most of the individual sprig transplants that were still attached to
substrates after 13 months were brown and apparently dead, suggesting that newly40
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established sprigs or very small bryophyte mats may be particularly vulnerable to
dehydration and death. Once established, mats likely provide theirown buffering
against moisture loss.
Substrate effects
We detected no consistent differences in the accumulation rates of Antitrichia
between inert artificial and natural substrates with our net bag transplants. In the old-
growth canopy, both 5 and 25 gm transplants grew as well on PVC as on conifer
branches (p = 0.99 and 0.48 for differences between substrates in 5 and 25gm
transplants respectively, ANOVA), with the second highest accumulation rate
recorded for a transplant on PVC (Fig. 2). In the understory there was no difference in
accumulation in 5 gm transplants between PVC and shrub stems in either the young or
the old-growth stand or combined data (p <0.74, n=15, paired t-test; Fig. 4.3).
Although the moisture holding capacity and texture of natural substrates surely aid
establishment of bryophytes, these factors may become less important to growth than
other environmental variables once mats are the size of our transplants.
Some of the variability between transplants on natural and PVC substrate may
have come from differences in aspect of transplants or their placement angle relative
to the ground. In the canopy, PVC and natural-substrate transplants were near to each
other but not tied to the same branches. In the understory, PVC was tied across the
shrub stems while transplants assigned to natural substrates were tied directly onto the
stems, often in a more vertical position; thus they were in the same local environment
but not necessarily in the same orientation. Although these differences in module
aspect and angle did not appear to be a major influence in our results (data not shown),110
the potential effects of substrate on accumulation rates could be investigated more
thoroughly by controlling these variables.
Mat source effects
Antitrichia from the canopy grew as well as Antitrichia from the understory when
both were transplanted to the understory (p0.65, paired t-test; Fig. 4.3). We could
not assess whether Antitrichia from the understory would do as well as canopy-
adapted Antitrichia in the canopy as we did not transplant understory moss to the
canopy. However, canopy to understory is undoubtedly the main direction of transfer
for bryophyte mats. Falling clumps of bryophyte mat appear to be a common means
of shrub colonization (Peck & McCune 1997). Shrubs may act as sources of
Antitrichia and other epiphytes if they are left during harvest (Rosso et al. 2000b), but
we would expect transfer of propagules from shrubs to trees to occur infrequently.
Biomass Accumulation of A. curtipendula
Accumulation ratesunderstory and canopy
Biomass accumulation of 5 gm net bag transplants of Antitrichia averaged 10.8 %
± 12.3% over 13 mo. in the understory (n = 38, young and old stands combined, both
substrates and mat sources), with a maximum rate of 3 0.8% (Fig. 4.3). Since growth
is likely to be minimal during the dry summer months, our 13 month rates should be
similar to yearly accumulation rates. The four transplants that were added to the
understory of the old growth for the last three months of the study confirm this,
loosing an average of 2.4% ± 1.2% over those summer months (see methods for
explanation of added transplants).111
Accumulation rates of Antitrichia were higher in thecanopy than in the understory,
averaging 17.4% ± 11.7% for 5 gm net bag transplants placed in thecanopy of the
young and old stand combined, with a maximum rate of 3 5.6% (Fig. 4.2;p = 0.05 for
difference between understory and canopy placements, all substrates; t-test).
Although Antitrichia is common in the understory, it is known primarilyas a canopy
species in our study area, and our results suggest itmay be better adapted to conditions
in the canopy than the understory. In general, it is thoughtto do best in areas with
relatively abundant light (Pojar & MacKinnon 1994), though factors otherthan light
may also be important.
Annual accumulation rates similar to ours have been recorded in subsequent
experiments in the understory of a young stand in the Oregon Coast Rangeusing
transplants of approximately 3 gm of Antitrichia (Muir et al., unpublished).Our
accumulation rates for Antitrichia in the canopy are also comparable tonet annual
biomass accumulation of mat-forming bryophytes in thecanopy of tropical forests
(Clark etal. 1998).
Differences between stands
No significant differences were detected in mean accumulation rates of 5gm
transplants of Antitrichia between the old growth andyoung stand for either the
understory or the canopy (p = 0.19 and 0.61 for the understory andcanopy
respectively, combined substrates and mat sources, t-test). The fact that Antitrichia
transplants grew as well, on average, in the young stand as in the old-growth stand
suggests that regional Antitrichia distributions may be limited by dispersal or
establishment moreso than by a decreased ability to grow in young stands. The112
distributions of some log-inhabiting bryophytes are also thought to be limited by
dispersal abilities (Söderström 1987). Large transplants (25 gm), however, lostmore
biomass in the canopy of the young stand than in thecanopy of the old growth (p =
0.05, t-test).
For small transplants, within-stand variation was higher in the old growth than in
the young stand (SD = 14.3 and 8.2% for the understory, 10.2 and 4.6 % for the
canopy, old growth and young stand respectively). In both the canopy and the
understory, the highest and the lowest accumulation rates for 5gm mats were recorded
in the old growth (Fig. 4.2, 4.3). The greater structural, and hence microclimatic
diversity typical of old growth versus young stands (Franklin & Spies 1991) isa likely
reason for the greater variation in accumulation rates in the old-growth stand. Within
stands, there were significant differences in accumulation in Antitrichia transplants
(combined sources and substrates) among understory modules (p < 0.00 1 andp = 0.05
for differences in old growth and the young stand respectively; ANOVA), signifying
that some locations were indeed more conducive to growth than others; between
module differences were greater in the old growth than the young stand. Given the
high within-stand variation, a greater number of transplants may be needed to more
precisely compare accumulation rates across stands.
When transplanted to the clearcut, Antitrichia turned brown and appeared to die.
Only drip areas at the very edges of some transplants had any hint of green color after
13 months. Vandalism interfered with our ability to compare biomass changes in
transplants on PVC (from understory and canopy mats) between the clearcut and
other stand types over the full study period. However, 5 and 25 gm transplants of113
Antitrichia from the canopy on natural substrates lostan average of 20.8 % and 19.7
%, respectively, of their biomass in the clearcutover the 13 months. This was far
greater loss than incurred by the 25gm transplants in the canopy of the other stands
(-0.90 and 6.6% for the old-growth and young stands respectively, natural
substrates). Short term (3 summer mo) 5 gm replacement transplants of understory
Antitrichia on PVC lost significantly more biomass in the clearcut than in the old-
growth stand (5.9% + 1.47% verses 2.4% ± 1.19%,p = 0.01, n=4; t-test); the clearcut
transplants were mostly brown at the end of the 3mo trial period (ending in
September) while those in the old growth were stillgreen. While Antitrichia thrives in
the relatively warm and dry conditions thatcan persist in the canopy in summer, it
apparently cannot survive when exposed in a clearcut.
Isothecium versus Antitrichia
Accumulation rates were lower for Isothecium myosuroides than for Antitrichia in
the understory of both the young stand and the old growth (3.7versus 11.8 %
respectively, old growth and young stand combined, understory matsources; p =
0.057, t-test; Fig. 4.3. Athough the mats used for constructing Isothecium transplants
were out of the field for longer than those used to construct the Antitrichia transplants
(13 versus 6 days), we do not expect that this alone would account for the differences
in accumulation rates. Isothecium also lost more weight in the clearcut than
Antitrichia, though differences were not highly significant statistically (-8.4vs5.9
% over 3 summer months for Isothecium and Antitrichia respectively,p = 0.10, n = 4,
t-test; note: all long-term Isothecium transplants to the clearcut were lost to
vandalism). In subsequent experiments, Isothecium accumulation rateswere again114
lower than those of Antitrichia across a range of canopy densities (Muir et al.,
unpublished).
Within stands, Isothecium did not generally follow trends in Antitrichia
accumulation rates among modules. For example, in module 3 in the old-growth
stand, all Antitrichia transplants lost weight, the worst performing site for that species,
but the Isothecium on that module did relatively well (Fig. 4.3). Thus, it appears that
these two species may have different habitat preferences. While they oftengrow
together in the same mat, Antitrichia and Isothecium tend to separate in vertical
distributions within stands, a reflection of these differences.
CONCLUSION
Transplants using plastic net bags appeared to be an effective means of comparing
growth of bryophyte mats among sites and stands. Additional testing may be
warranted to address reasons for biomass losses in larger mats and the relationship
between accumulation rates in transplants relative to undisturbed mats. From our
trials, it appears that Antitrichia curtipendula accumulates faster in the canopy than in
the understory, and faster than the more ubiquitous Isothecium myosuroides.
Antitrichia also appeared to grow as well in the young stand as in the old-growth
stand. This would suggest that the association of Antitrichia with old growth is not
due to a limited ability to grow in young stands. Antitirchia may, instead, be limited
by dispersal or establishment. However, results from this study should be considered
suggestive as stands were not replicated and sample sizes within stands were not large.
Understanding accumulation rates and distributional constraints of these dominant115
epiphyte species should help guide regulation of the moss harvest industryas well as
silvicultural prescriptions designed to maintain epiphyte communities.
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Chapter 5. Conclusions
Shrub epiphyte communities varied widelyamong stand types and between
mountain ranges in the western Oregon sites studied here. Compositionof epiphyte
communities was tied to shrub community characteristicsas well as stand and site
characteristics. Likewise, effects of managementon shrub epiphyte communities
appeared to depend, in part, of effects of managementon the shrubs themselves.
Our results indicated that conversion of old growth toyoung stands may lead to a
decrease in richness and cover of epiphyteson shrubs when timber cutting is also
associated with a decrease in the abundance of older shrubstems. This appeared to be
the case in our Coast Range study sites. However, theremay be little difference in
shrub epiphyte communities betweenyoung and old stands when densities of mature
stems are similar between stand types, as in our Cascade sites. This suggests that
protecting a portion of the shrub stems during timber harvest could help maintain
shrub epiphyte communities, a practice that would be analogousto leaving trees as
legacy during harvest.
In young stands where shrub epiphytes are sparse, thinning of theoverstory may
help enhance richness and cover of some species, particularly the sun-loving
alectorioid and "other" lichens. However, when thinning is associated witha decrease
in the density of older shrub stems, bryophyte covermay also decrease relative to
unthinned stands. Protecting a portion of the stems during thinning operations should
help minimize the negative impacts on bryophytes and other species associated with
older stems and thereby maximize the overall benefits of thinning.117
Results of our bryophyte transplant experiments support the idea that protectinga
portion of the shrub stems during harvest and thinning operations could help maintain
shrub epiphyte communities in managed stands. Mean accumulation rates for
transplants of two dominant mat-forming bryophytes did not differ significantly
between a young and an old stand, though both appeared to die in the clearcut. One of
the species tested, Antitrichia curtipendula, is considered to be an old-growth
associate and was an indicator of old growth in our Coast Range sites. The other
species tested, Isothecium myosuroides, is a more ubiquitous species butwas,
nevertheless, more abundant on shrubs in old growth than in young stands. As with
some old-growth-associated lichens, the distributions of these bryophytes may be
limited more by dispersal or establishment than by an inherent inability togrow in
young stands. Associated research has shown that mat-forming bryophytes become
more frequent and dominant as shrub stems age (Ruchty et al. 2000), suggesting that
considerable time is generally needed for large mats of these species to develop.
Maintaining shrubs through harvest cycles, with emphasis on protecting mature,
epiphyte-rich stems, should provide legacy and help carry these and other shrub
epiphyte species into new stands.
Local and regional diversity of shrub epiphytes may also benefit from identification
and protection of key habitats associated with high species richness. We found that
these landscape-level hotspots could be readily identified using stand structural
features and topography in conjunction with lichen indicator species. Our hotspots
were primarily riparian areas, but also included rocky outcrops, hardwood gaps and an
opening created by a road; they proved to be hotspots for lichen diversity on shrubs as118
well as overall lichen diversity. Many of these siteswere also hotspots for bryophytes
on shrubs. Most importantly, hotspots contained a high proportion of the uncommon
species, including a large number of cyanolichens. Protection of hotspots should help
maintain landscape-level diversity of both shrub epiphytes and overall epiphyte
communities and would complement efforts to maintain shrub epiphytes in managed
stands.
The importance of shrub epiphytes to overall epiphyte diversity clearly varied from
stand to stand and among regions. Understanding the role of shrub epiphytes in
overall epiphyte diversity and establishment is an area for future investigation.
Nonetheless, small changes in management practices could easily enhance the richness
and abundance of shrub epiphytes in managed stands, and would likely contribute to
overall epiphyte diversity; nesting material, and food for other organisms; and
enhancement of other ecosytem services provided by epiphytes suchas hydrologic
buffering. Our transplant methods could be used to address additional questions about
variation in accumulation rates of bryophytes among and within stands and effects of
silvicultural treatments. A better understanding of the frequency and distribution of
special habitats and their associated communities could facilitate the use of hotspots in
management, and further benefit shrub epiphyte communities and associated
organisms.119
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